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Chest Pain in Association with Pulmonary 


Hypertension 


Its Similarity to the Pain of Coronary Disease 


By WiuuraM N. Viar, M.D., ano T. R. Harrison, M.D. 


This communication deals with a type of chest pain which is not uncommon, and which is likely 
to lead to an erroneous diagnosis of coronary arterial disease. The term “hypercyanotic angina,” 
which has been applied to the syndrome in the past, is unfortunate because many of the patients 
are not cyanotic, and further because the physiologic mechanism of the pain, while still obscure, 
appears to be different from that of the pain of angina pectoris. In the patients we have observed, 
the one constant feature other than pain has been clinical evidence of increased pressure in the 
pulmonary vascular circuit. Hence, the term “pulmonary hypertensive pain” is employed, but 
with the reservation that more complete knowledge of the exact pathogenesis may make a different 


name desirable. 


ULMONARY hypertensive pain may 

‘resemble angina pectoris not only as 

regards location, radiation, intensity, 
and quality of the discomfort, but also as 
regards the tendency to be initiated by phys- 
ical exertion. In some patients the pain may 
be associated with outspoken electrocardio- 
graphic changes. (See figures 1 and 2.) There- 
fore, the diagnosis of myocardial infarction is 
likely to be made. The differentiation, while 
occasionally almost impossible, can usually be 
made with accuracy if one is familiar with the 
various clinical features of the syndrome. 


In 1942 Burgess and Ellis wrote an excellent re- 
view article on chest pain in patients with mitral 
stenosis.! They referred to Nothnagel’s publication? 
on the same subject, and summarized the more im- 
portant papers dealing with angina-like pain in vari- 
ous disorders of the pulmonary vessels. Thus Vaquez 
and Giroux® described the clinical findings of angina 
pulmonaire hypercyanotique associated with pulmo- 
lary arteriosclerosis. Posselt* cited chest pain (dys- 
pragta intermittens angiosclerotica pneumonalis) as 
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one of the criteria for the diagnosis of pulmonary 
arteriosclerosis. Frugoni® contrasted dolor pallidus 
of angina brought on by effort with dolor caeruleus 
seen in patients with pulmonary arterial disease. 
Other publications dealing with chest pain in re- 
lation to pulmonary arteriosclerosis include those of 
Arrillaga,®’ Engelen,’ Brenner’ and Brill and Kry- 
gier.® 

Pain resembling that of angina pectoris in pa- 
tients with mitral stenosis was clearly described by 
Nothnagel.? Sternberg’ reported autopsy findings of 
a patient with mitral stenosis who before death ex- 
perienced severe pain of this type. The coronary 
arteries were described as being thin and widely 
patent. Parker and Weiss" stated that pain and 
cyanosis were frequent symptoms of mitral stenosis 
when there were secondary pulmonary changes, and 
that these same symptoms were usually absent 
when such secondary changes were lacking. 

In recent years there has been much interest in 
the subjects of anticoagulant therapy and throm- 
boembolic disease. Compared to the numerous pa- 
pers dealing with the electrocardiographic changes 
associated with pulmonary embolism, there have 
been relatively few reports in which the pain pro- 
duced by the disorder has been carefully described. 
McGinn and White” reported that most patients 
with pulmonary embolism complained initially of 
dyspnea and substernal oppression. They also re- 
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ferred to another type of pain which appeared later, 
and was always associated with pleural involvement. 
Fenn,” and Murnaghan, McGinn and White," in 
describing the typical picture of pulmonary embo- 
lism, pointed out the difficulty that is sometimes 
encountered in the differentiation of the pain of 
pulmonary embolism and that of myocardial in- 
farction, the typical picture of both being ‘sudden 
severe pain in the chest associated with circulatory 
collapse.”” They indicated that the typical pleural 
pain usually did not appear until some hours later, 
when a pleural friction rub was often present. This 
pleural pain may be located in either side of the 
chest, in the back, or in the shoulder, if the diphrag- 
matie portion of the pleura is involved. There are 
many other reports in the literature which describe 
pain associated with pulmonary embolism, but there 
are few which distinguish clearly the two different 
types of pain that were delineated by the authors 
cited above. 

It should be re-emphasized that pulmonary em- 
bolism and pulmonary infarction are not synony- 
mous terms. Pulmonary embolism produces pain 
resembling that of myocardial infarction, while pul- 
monary infarction produces pain resembling that of 
acute infectious pleuritis. When, as is often the 
case, embolism is not followed by infarction, only the 
first type of pain occurs. The pain produced by 
pulmonary embolism appears to be identical in char- 
acter and mechanism with that caused by other dis- 
orders which cause elevation of pressure in the pul- 
monary artery. This point is illustrated by the case 
histories to be presented. 

ILLUSTRATIVE CASES 

Most of the patients whom we have thought 
to be suffering from pain as the result of pul- 
have had either (1) 
lesions of the mitral valve; (2) certain con- 
genital anomalies of the heart; (3) primary dif- 
fuse disorders of the lungs, especially asthma 
and emphysema; or (4) disorders of the pul- 
monary artery and, more particularly, em- 
bolism. In many instances there has been no 
proof of the diagnosis, and the decision that 
the pain was induced by pulmonary hyperten- 
sion rather than by coronary disease has rested 
on opinion rather than on conclusive evidence. 
The cases cited below were selected for presen- 
tation either because autopsy confirmation was 
available, or because the clinical evidence 
seemed reasonably conclusive. In order to 
conserve space, only the most pertinent data 
are presented in the following case reports. 


monary hypertension 


Case 1. W. A., a 77 year old white man, was ad- 
mitted to the hospital with the following history: 


CHEST PAIN WITH PULMONARY HYPERTENSION 





One week before admission, while sitting in a chair 
at about 10:00 P.M., he noted severe precordial 
pain, became dyspneic and cyanotic, and in a few 
seconds slumped from the chair unconscious. His 
breathing was stertorous and cyanosis was marked. 
The following morning he could be aroused but was 
irrational, and continued so until admission. 
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Fic. 1. The record was interpreted as being com- 
patible with myocardial infarction. Postmortem ex- 
amination proved this to be untrue. Instead, there 
was marked dilatation of the right side of the heart 
and a striking dilatation of the pulmonary artery and 
its branches. 


He had complained of precordial pain on exertion, 
and occasionally at rest, for the year preceding the 
present episode. 

Physical examination revealed a senile, irrational, 
cyanotic white man with Cheyne-Stokes respiration. 
The lungs were clear except for fine moist rales at 
both bases, posteriorly. The blood pressure was 
150/80; the pulse was grossly irregular, with a pre- 
cordial rate of 82 and a radial rate of 70. Precordial 
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pulsations were prominent, extending from the third 
to the sixth intercostal space. The area of cardiac 
dullness extended from the anterior axillary line to 
the right border of the sternum. The heart sounds 
were loud. A loud, harsh murmur was heard through- 
out systole. It was loudest over the apex but was 
heard with diminishing intensity over the entire 
precordium, and radiated into the left axilla. During 
the phases of apnea, a diastolic murmur could be 
heard in the third and fourth intercostal spaces in 
the midelavicular line. The quality of this murmur 
was midway between the rumbling diastolic murmur 
of mitral stenosis and the blowing diastolic murmur 





Fic. 2. In the center of the photograph the mark- 
edly dilated pulmonary artery is held open by a glass 
rod. 


of aortic insufficiency. The liver was palpated 3 cm. 
below the right costal margin. X-ray films revealed 
a marked prominence in the area of the pulmonary 
segment which, on fluoroscopy, pulsated synchro- 
nously with the heart beat. Marked dilatation of the 
major branches of the pulmonary arteries was seen. 
Electrocardiograms (fig. 1) were interpreted as being 
indicative of definite myocardial damage which was 
thought to be compatible with myocardial infarction. 

He was placed in an oxygen tent, given digitalis, 
and put on a salt-free diet. He gradually improved 
until his death, which occurred suddenly about two 
months following admission to the hospital. Ter- 
minally, he became markedly dyspneic and cyanotic. 
The radial pulses were not palpable. Death occurred 


less than five minutes after the onset of this final 
seizure. 

Postmortem findings revealed a markedly dilated 
and moderately hypertrophied right ventricle, with 
striking dilatation of the pulmonary artery (fig. 2) 
and of its main branches extending into the lesser 
divisions to the periphery of each lung. There was 
only moderate sclerosis of the pulmonary vessels. 
The right pulmonary vein entered the right auricle. 
The commissures of the pulmonary valve were sepa- 
rated and the intervening space was occupied by a 
thin fenestrated membrane, There was an inter- 
auricular septal defect 2 cm. in diameter, located in 
the upper posterior portion of the septum. There 
was one small calcified plaque in the posterior leaflet 
of the mitral valve. The coronary vessels were patent 
throughout. There was no scarring of the myocar- 
dium. 


Comment. Although the history was incom- 
plete, there was a story of recurrent attacks 
of precordial pain often brought on by effort, 
and occasionally occurring at rest. A more se- 
vere and prolonged attack was accompanied 
by cyanosis, dyspnea, and loss of conscious- 
ness. The electrocardiogram was interpreted 
as being compatible with the diagnosis of 
myocardial infarction. Thus the clinical pic- 
ture resembled that of coronary disease, but 
the necropsy revealed no evidence either of 
coronary disease or of myocardial infarction. 
The findings were those of congenital defects 
of the pulmonary veins, interauricular septum, 
and pulmonary valve, leading to enlargement 
of the right ventricle and pulmonary vessels. 
Presumably, the systolic pressure was markedly 
elevated in the pulmonary artery. 


Case 2. A 72 year old white man for four years 
had had severe paroxysms of bronchial asthma. 
Shortly after the beginning of the asthma he de- ' 
veloped chest pain. This was substernal in location, 
aching and occasionally cramping in character, and 
lasted from a few minutes to several hours. The pain 
came only with severe asthmatic paroxysms, and 
invariably lasted until relief from the asthmatic 
attack. Nitroglycerin produced an incomplete relief 
from pain only to the extent that it relieved the 
dyspnea. 

Physical examination made during an asthmatic 
attack revealed the patient to be lying flat in bed 
with inspiratory retraction of the supraclavicular 
and suprasternal areas with prolonged expiration. 
Eye grounds revealed grade I arteriosclerotic 
changes. There was a marked increase in the antero- 
posterior diameter of the chest, so that it was typi- 
sally barrel-shaped. The chest. was hyperresonant 
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throughout. During a paroxysm, voice sounds were 
obscured completely by high-pitched sibilant rales 
heard all over the chest. Blood pressure was 150/ 
100; pulse 76, with frequent premature beats. The 
point of maximum impulse could not be felt and per- 
cussion was unsatisfactory because of emphysema. 
The heart sounds were faint and almost replaced by 
a moderately loud, harsh systolic murmur. The 
murmur was loudest at the apex and was trans- 
mitted, but was also heard over the aortic area where 
it was of slightly lower pitch. The asthma was helped 
by adrenaline when mild, and relieved by amino- 
phylline when severe. When the dyspnea improved 
the pain, likewise, subsided. 

Electrocardiogram revealed multiple premature 
beats of ventricular origin, left axis deviation, inver- 
sion of T waves in leads II and III, and deep QS 
complexes in precordial leads I, II, and IV. Chest 
x-ray films revealed fibrotic changes throughout 
both lung fields. 

Death occurred after 15 months in the hospital. 
Necropsy revealed marked dilatation and hyper- 
trophy of the right auricle and right ventricle, and 
dilatation of the pulmonary conus. There was mini- 
mal cirrhosis of the liver, and chronic cholecystitis 
without stones. There were no abnormalitics of the 
coronary arteries, and the myocardium was normal 
except for hypertrophy and dilatation, as noted 
above. 


Comment. This patient was considered to 
have had an old myocardial infarction on the 
basis of the history and the electrocardiogram. 
However, the autopsy revealed no evidence of 
infarction or coronary artery disease. The rela- 
tionship of the pain to the dyspnea and the 
response to drugs (little or no relief from nitro- 
glycerin; marked benefit from adrenaline 
and aminophylline) were typical of the pul- 
monary hypertensive pain associated with 
bronchial asthma. 


Case 3. N. H., a 77 year old Negro man, entered 
the hospital for the first time on August 8, 1948 
because of a slow urinary stream, dribbling of urine 
for one week, and retention of urine for 48 hours. 

Physical examination was negative except for a 
very large prostate gland. On August 9, a prostatec- 
tomy was done, with removal of 78 Gm. of prostatic 
tissue. The patient remained in bed until August 
12, at which time he began to be up and about. On 
August 18, at 7:30 A.M., the patient collapsed in 
the bathroom. He was found on the floor unconscious 
and dyspneic, and the pulse was absent. At 8:00 
A.M. he was breathing rapidly and shallowly. The 
pulse was weak and irregular, with a rate of 100. 
The blood pressure was 100/60. The patient was 
covered with sweat. The lungs were clear. Cardiac 


examination revealed the second pulmonic to be 
much louder than the second aortic sound. 

A short time later the patient said that he was 
experiencing a constant, pressing, severe substerna!| 
pain that radiated to his left shoulder and left arm 
The pain persisted for about three hours. Morphine. 
oxygen, papaverine, heparin, and dicumarol were 
administered. 

Electrocardiographic changes in the next 24 hours 
were interpreted as being compatible with an acute 
subendocardial anteroseptal myocardial infarction 
The patient improved and it was thought that he 
was progressing favorably when on August 21, three 
days later, he was found dead. 

Necropsy revealed thrombophlebitis of the right 
femoral vein and massive pulmonary embolism 
There was benign prostatic hypertrophy, cortica 
necrosis and arteriolar nephrosclerosis. The coro 
nary vessels were widely patent and no abnormalities 
were observed. There was no evidence of myocardia 
infarction. 


Comment. The clinical findings were compat- 
ible with myocardial infarction and the elec- 
trocardiogram was so interpreted. Necropsy 
revealed pulmonary embolism without evidence 
of disturbance in the coronary circulation or 
myocardium. This patient illustrates the diffi- 
culty in differentiating pain associated with 
pulmonary hypertension from that associated 
with coronary disease. 


Case 4. O. H. F., a 48 year old white man, was 
admitted to the hospital on May 27, 1947, complain- 
ing chiefly of shortness of breath of five years’ dura- 
tion, and pain in the chest of four years’ duration. 
The patient had developed a chronic cough 10 
years previously. 

In 1942 he developed pain in the right paraster- 
nal area. (He had known since 1918 that his heart 


was on the right side.) The pain was described as | 


having a sharp, tearing, and squeezing quality. 
It usually followed several hours of exertion, was 
associated with severe dyspnea, and usually per- 
sisted for one to two hours, but occasionally lasted 
several days. It was definitely aggravated by deep 
breathing, being especially worse on inspiration. 
Nitroglycerin produced no relief from the pain. As 
his dyspnea improved, the pain always diminished 
in intensity. The pain was nonradiating. 
Physical findings revealed a 48 year old man lying 
flat in bed, in no distress. Optic fundi showed only 
slight narrowing of the vessels, with no arteriovenous 
nicking. The chest was full but not barrel-shaped. 
The right hemithorax was considerably fuller than 
the left, measuring 5 cm. greater. The lung fields 
were clear. The vital capacity was 4 liters. The blood 
pressure was 162/92. Examination revealed the heart 
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io be more on the right side than on the left. No 
other abnormalities were noted. 

X-ray study revealed the heart to be mainly on 
ihe right side. The vessels occupied the position of a 
:ormal left-sided heart. There was also a bilateral 
‘mphysema, mainly in the lower lobes. The apical 
leura was thickened bilaterally. 

Angiocardiograms indicated that the chambers of 
the heart were in the positions which they would 
cceupy if a normal left-sided heart had been pulled 
over into the right hemithorax mechanically. Lipio- 
col bronchograms showed no evidence of bronchial 
dilatation. Electrocardiogram revealed inverted T 
waves in lead I. 


Comment. Aside from emphysema, this pa- 
‘ient had displacement and rotation of the 
heart due to an unknown cause. It seems 
probable that these conditions were capable 
of elevating the pressure in the pulmonary 
artery. The similarities and differences be- 
tween the pain of this patient and that in an- 
gina pectoris are noteworthy. 


Case 5. L. B. H., a white woman aged 77, com- 
plained of precordial and substernal aching and 
tightness for 18 years. This was at first noted only 
on climbing hills, and would disappear quickly 
when resting. 

She was first examined when she was 52 years 
of age. At that time there were no complaints other 
than chronic cough. She had no pain or dyspnea, 
although she was leading an unusually active vigor- 
ous life, including long walks up and down steep 
hills. At the age of 30 she had had an acute attack 
of polyarthritis with fever. Examination at that 
time revealed questionable slight cardiac enlarge- 
ment and a moderately loud (grade III) apical sys- 
tolic murmur, heard well out into the axilla. Elec- 
trocardiograms displayed no abnormality. The 
pulmonie second sound was exaggerated. 

At age 58 she began to note precordial and sub- 
sternal aching and tightness. This occurred at first 
only when she would climb steep hills, and would 
disappear within two or three minutes when she 
would stand still. Physical examination was essen- 
tially unchanged except that the previously normal 
blood pressure was now slightly elevated (165/102). 
The electrocardiogram displayed a tendency toward 
right axis deviation when compared with the record 
taken six years previously. X-ray study revealed no 
significant change other than minimal enlargement 
and a “mitral shape.’’ During the subsequent 18 
vears, the exertional pain remained essentially un- 
“hanged but occurred less frequently as the degree 
of activity was gradually decreased as the result of 
idvancing age. The patient gradually noted that the 
vain would occur when at rest, and more readily 
n the recumbent position. Anxiety and emotional 


stress tended to induce it, and the discomfort, while 
not severe, would last for hours. It was also noted 
that the distress might endure for several days when 
acute exacerbations of the chronic bronchitis oc- 
curred. Nitroglycerin was taken on numerous occa- 
sions, the effects of which were uncertain. At times 
the pain was unaffected. On other occasions it 
seemed to disappear more rapidly with than without 
the drug. The dramatic response that commonly 
occurs in patients with angina pectoris was not 
observed. During the entire 25 year period, numer- 
ous electrocardiograms were taken. None showed 
evidence of myocardial ischemia. The systolic mur- 
mur gradually became somewhat fainter, and an 
apical diastolic rumble appeared. At age 77 auric- 
ular fibrillation and congestive failure first appeared. 
Prompt improvement followed digitalization. 


Comment. The pain was at first interpreted 
as angina pectoris. With the passing of years 
this diagnosis became progressively more un- 
tenable, and it now appears altogether likely 
that pulmonary hypertension, secondary to 
disease of the mitral valve, was the underlying 
mechanism. It is noteworthy that chronic 
nonproductive cough was the most conspicu- 
ous symptom. 


Case 6. P. W., a 67 year old white man, a construc- 
tion engineer, was seen in 1951 because of a severe 
upper respiratory infection and because of being 
awakened at night “fighting for breath.” 

Since the age of 21 this patient had been con- 
stantly exposed to dust in his occupation. 

In 1940 he had an episode of swelling of the feet 
and ankles which was relieved by some large tablets. 
It was about this time that he began to notice that 
less effort than usual made him short of breath. 

In 1945, having contracted an upper respiratory 
infection, the patient noticed an episode of squeez- 
ing substernal discomfort associated with marked 
dyspnea while climbing stairs. The dyspnea and the 
squeezing discomfort were both relieved after a few 
minutes of rest. The substernal oppression did not 
radiate and its intensity was directly proportional 
to the dyspnea. The patient saw his physician and 
was hospitalized; he was found to have fairly marked 
pulmonary fibrosis and emphysema, and mild hyper- 
tension. 

More recently he had noticed on several occa- 
sions, a substernal squeezing discomfort and dysp- 
nea on exertion, and both had always been relieved 
by rest. Both of these symptoms were exaggerated 
with episodes of upper respiratory infection. He 
had been awakened at night on several occasions 
very short of breath, with a feeling that death was 
imminent. This would necessitate his getting out of 
bed, going to a window, and being up most of the 
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rest of the night. He was finally digitalized and en- 
joyed marked improvement in symptoms. 

The present episode followed a week without digi- 
talis, plus the fact that the patient had contracted 
an upper respiratory infection which had become 
quite severe. 

Physical examination revealed the patient to be 
quite dyspneic, very nervous, and drenched with 
sweat. His blood pressure was 190/120, pulse 120, 
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Fic. 3. The record is interpreted as pointing to- 
ward hypertrophy of both left and right ventricles. 
There is also an intraventricular conduction defect. 
It did not change after exercise sufficient to produce 
this patient’s pain. A record identical with this was 
obtained five and 10 minutes after nitroglycerin. 
Nitroglycerin did not prevent the patient’s pain 
nor did it increase his exercise tolerance. 


respirations 32 and temperature 102.6 F. The fundi 
revealed grade II retinopathy. The neck veins were 
distended. The chest was increased markedly in its 
anteroposterior diameter. There was a marked right 
kyphoscoliosis with a typical pigeon-breast shape 
anteriorly. Dullness was noted posteriorly on both 
sides extending from the bases upward to the in- 
ferior angle of the scapulae. There was hyperreso- 
nance to percussion over the entire anterior chest. 
Bubbling rales were present at both bases, poste- 


riorly. There were fine crackling moist rales and 
increased breath sounds in the region of the right 
middle lobe. 

The point of maximum cardiac impulse was both 
thrusting and diffuse, being most prominent in the 
fifth left intercostal space in the midelavicular line. 
It was easily seen and felt in the fifth left intercostal 
space all the way to the sternum. The right border 
of cardiac dullness was thought to extend 2 to 3 em. 
to the right of the sternum. There was a faint apical 
systolic murmur and a well marked protodiastolic 
gallop which changed to a double gallop with in- 
spiration. The liver was palpable 2 fingerbreadths 
below the right costal margin, and was smooth 
and nontender. Minimal pitting pretibial edema was 
present. Peripheral pulses were equal and easily 
palpable. 

The patient was digitalized, given aminophylline 
suppositories, 0.5 Gm. every six hours, and 300,000 
units of penicillin every 24 hours for three days. 
The improvement was uneventful. 

Electrocardiogram (fig. 3) revealed evidence of 
both right and left ventricular hypertrophy and 
intraventricular block. Exercise to the point of severe 
dyspnea and substernal discomfort did not change 
the appearance of the electrocardiogram. Nitro- 
glycerin did not change the electrocardiogram and 
did not increase exercise tolerance. 

The impression was right middle lobe pneumonia 
superimposed upon chronic pulmonary fibrosis and 
emphysema, with hypertension and mild acute pul- 
monary edema on an already existing chronic cor 
pulmonale. The substernal pain was thought to be 
due to pulmonary hypertension with distention of 
the pulmonary artery. 


Comment. This patient had the typical story 
of pain brought on by exertion and relieved in a 
few minutes by rest. This story and the elec- 
trocardiographic findings could very easily 
be interpreted as being due to coronary artery 
disease. However, the set-up of chronic pul- 
monary disease with substernal distress re- 
lated so closely to the episodes of dyspnea, 
the evidence of right ventricular enlargement 
with cor pulmonale, and the failure of nitro- 
glycerin to have a beneficial effect, would 
lend support to the diagnosis of pain due to 
pulmonary hypertension. 


Discussion 
It is apparent, from the foregoing case his- 
tories, that patients with pulmonary hyper- 
tension may have pain which is very similar 
to that produced by disease of the coronary 
arteries. In so far as location, radiation, qual- 
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ty, and intensity of the pain are concerned, 
he two types of pain seem to be identical. 
There are additional features of the syndrome 
vhich enhance the difficulty of differentiating 
these disorders. Thus some of the patients with 
pulmonary hypertensive pain (for example, 
cases 5 and 6) complain of pain brought on by 
physical exertion, and relieved within a few 
minutes by rest. Other patients have pro- 
ionged bouts of pain enduring for several 
hours or days, and associated with electro- 
vardiographic changes (cases 1, 2, and 4). 
it is not surprising that the mistaken diagnosis 
of coronary arteriosclerosis is usually made 
in these patients. We, ourselves, have re- 
peatedly made this error, and have treated a 
number of these patients for several years 
for supposed diseases of the coronary arteries. 
Further experience has convinced us that the 
differentiation, while often difficult and occa- 
sionally impossible, can usually be made with 
accuracy if one is aware of the various clinical 
features of the syndrome of pulmonary hyper- 
tensive pain. 

The most important clue to the diagnosis 
comes from the recognition of the existence of a 
condition capable of causing pulmonary hyper- 
tension, and the realization that such dis- 
orders may produce a type of chest pain which 
mimics closely that due to coronary disease. 
The most common underlying disorders are: 
(1) lesions of the mitral valve, usually ste- 
notic, but occasionally regurgitant; (2) primary 
diffuse disorders of the lungs, especially asthma, 
emphysema, and bronchiectasis; (3) disorders 
of the pulmonary arteries, of which embolism 
is the most frequent; and (4) those congenital 
malformations of the heart which lead to 
elevation of pressure in the pulmonary artery. 
in the latter connection, it is of interest to 
note that, as would be expected because of 
pulmonary stenosis and actually a low pul- 
monary arterial pressure, this pain has not 
heen noted in subjects with the tetralogy of 
allot. On the other hand, it has been re- 
peatedly encountered in patients with auric- 
‘lar septal defects, the Eisenmenger complex, 
and patent ductus arteriosus. 

Not all patients with these several disorders 
complain of pain. On the contrafy, it is absent 


in the majority of instances. It is, likewise, 
rarely (if ever) encountered in patients with 
pulmonary hypertension secondary to left 
ventricular failure. Whether its absence or 
presence is dependent on the degree of pul- 
monary hypertension, or on other factors, 
is uncertain at present. The important point 
in diagnosis is the realization that any disorder 
which is capable of causing pulmonary hyper- 
tension may produce pain and to demand 
unequivocal evidence before considering such 
a patient as having coronary disease. 

Aside from objective clinical and roentgeno- 
logic evidence of the presence of an underlying 
disease process which is capable of causing 
elevation of the pulmonary pressure, there are 
certain other features which serve as guides 
in differentiating the pain associated with 
pulmonary hypertension from that accom- 
panying coronary disease. These are: 

1. A history of long-standing cough. This is 
present in many of the patients, but by no 
means all of them. 

2. Cyanosis, either persistent or intermittent, 
and usually present during the episodes of 
pain. Since patients with angina pectoris or 
myocardial infarction usually exhibit either 
pallor or no change in color during the epi- 
sodes of pain, the presence of cyanosis is of 
diagnostic value. Unfortunately, cyanosis is 
not always present during the episodes of 
pulmonary hypertensive pain. 

3. Association of the pain with dyspnea. 
This is a frequent but not a constant feature. 
Many patients with coronary disease also 
have dyspnea when they have pain. Most 
do not, however. It is interesting to note what ' 
Heberden said in his description of angina 
pectoris. “In all other respects, the patients 
are, at the beginning of this disorder, perfectly 
well, and in particular have no shortness of 
breath, from which it is totally different.’”® 
The presence of typical asthmatic wheezing 
in a patient with chest pain is a diagnostic 
clue, provided one can be sure that the under- 
lying disorder is bronchial rather than cardiac 
asthma. 

The dyspnea occurring in patients with 
pulmonary hypertensive pain is usually of the 
pulmonary rather than the cardiac type. For 
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dyspnea of given severity, the vital capacity 
is likely to be more markedly decreased in the 
pulmonary than in the cardiac type. Further- 
more, the circulation time through the lungs 
is often normal or only slightly prolonged, 
except when lesions of the mitral valve are 
responsible for the pulmonary hypertension. 

4. The presence of pain on breathing. This is 
very unusual in patients with angina pectoris,'® 
but is not rare in the presence of myocardial 
infarction, and particularly when there is an 
associated pericarditis. As has already been 
emphasized, those patients with pulmonary 
embolism who develop infarction of the lung 
usually have a second type of chest pain. This 
is of pleural origin, with typical respiratory 
aggravation. Unlike the pain of pulmonary 
embolism, which is usually situated in the sub- 
sternal, precordial, or arm areas, the pain of 
pleuritis is likely to be maximal in the lateral 
or posterior areas of the chest, Aside from pul- 
monary embolism, many of the various other 
conditions which cause pulmonary hyperten- 
sion are accompanied by recurrent attacks of 
pleuritis. Thus the presence of two different 
types of chest pain, one of which is markedly 
aggravated by breathing, constitutes evidence 
against coronary disease and in favor of pul- 
monary hypertension. 

Aside from the respiratory aggravation asso- 
ciated with the typical pleural pain, there is 
another feature which has been observed in 
some of our patients. This consists in a slight 
inspiratory increment in the pulmonary hyper- 
tensive pain itself. This is presumably due to 
the increased flow of blood into the chest 
during inspiration, and a consequent rise in 
pulmonary pressure. The degree of increase 
in the pain has been slight, and information 
has been elicited only on careful questioning. 
The phenomenon has not been a constant 
finding, but its presence may be of value in the 
differentiation from angina pectoris. 

5. Variability of duration of pain. In the vast 
majority of patients with coronary disease, 
the pain falls into one of three catagories as 
regards duration: (a) pain lasting a few min- 
utes only, induced by exercise and relieved by 
rest (angina pectoris); (b) pain lasting 30 
minutes or longer, occurring in repeated at- 


tacks, usually during recumbency, and soon 
leading to a fatal issue or to a typical clinical 
picture of myocardial infarction (status an- 
ginosus); (c) pain lasting several hours to 
several days and then disappearing completely 
(myocardial infarction). All of these duration 
patterns may occur in the pain of pulmonary 
hypertension. However, the latter pain pre- 
sents itself in additional varieties, which are 
rarely encountered in patients with coronary 
disease. Thus a patient with mitral stenosis 
or congenital cardiac disease may have a 
steady substernal feeling of distention enduring 
for weeks or months, with or without aggrava- 
tion upon exercise. An individual with status 
asthmaticus may have pain as long as the 
paroxysms endure. The presence of a pain 
identical in location and quality with that 
produced by coronary disease, but failing to 
conform to the usual duration patterns of the 
pain of the latter disorder is, therefore, an 
indication to consider pulmonary hypertensive 
pain as a possible cause. 

6. Clinical evidence of right ventricular hyper- 
trophy. This is one of the most valuable dif- 
ferential points. In the absence of those dis- 
orders, such as thyrotoxicosis or anemia and 
severe anxiety states, which lead to increase 
in cardiac output, the presence of diffuse force- 
ful pulsations over the whole left precordial 
area constitutes strong evidence for right 
ventricular enlargement. In patients with 
thin chest walls and without dyspnea, it is our 
impression that this simple clinical phenome- 
non is likely to be more reliable than electro- 
cardiographic or roentgenologic evidence. Con- 
spicuous evidence of right ventricular enlarge- 
ment is rare in patients with pain due to 
coronary disease. Such patients usually present 
either no signs of cardiac enlargement, or the 
forceful, heaving, localized apical impulse of 
left ventricular hypertrophy. Thus simple 
inspection and palpation of the chest wall will 
frequently furnish information of crucial im- 
portance in the differential diagnosis of the 
cause of the pain. 

7. Electrocardiographic changes may or may 
not be present in patients with pulmonary 
hypertensive pain. Thus their absence, while 
of no value in excluding angina pectoris, con- 
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stitutes evidence against myocardial infarction 
as the cause of the pain. When present in pa- 
tients with pulmonary hypertensive pain, the 
electrocardiographic changes usually follow 
the patterns described in patients with acute 
cor pulmonale following pulmonary embolism. 
2,14,17,18 For details concerning the electro- 
cardiographic changes the reader is referred 
to these publications. It is sufficient here to 
emphasize that: (1) The electrocardiographic 
changes are usually those of right axis devia- 
tion or right ventricular strain. (2) T-wave 
alterations suggestive of posterior infarction 
are not unusual, and occasionally changes sug- 
gestive of anterior infarction are seen. (3) 
Changes characteristic of myocardial infare- 
tion may occur because the conditions may 
coexist." (4) Many of the patients display 
no characteristic changes. Thus electrocardio- 
grams may be useless or very helpful in dif- 
ferentiating pain associated with pulmonary 
hypertension from that due to coronary dis- 
ease. Unless interpreted with extreme care, 
they may be actually misleading, and may be 
responsible for an erroneous diagnosis of myo- 
cardial infarction. (See electrocardiogram with 
cases 1 and 6. A diagnosis of coronary occlu- 
sion was made in case 1.) This has happened 
in a number of patients observed personally. 

8. Evidence of tissue destruction (fever, leuko- 
cytosis, rapid sedimentation rate) occurs in 
patients with pulmonary hypertensive pain 
only when there is coexistent infarction or 
infection of the lungs. The presence of such 
evidence is, therefore, of value in excluding 
angina pectoris; the absence of such evidence 
may be of crucial importance in excluding 
myocardial infarction. 

9. The effect of oxygen. Striking relief of pain 
is the result of oxygen inhalation speaks for 
pulmonary hypertensive pain; slight or no 
‘elief may be encountered either with this 
ype of pain, or with that due to coronary 
lisease. 

10. The effect of drugs may be of crucial 
mportance in diagnosis. Adrenaline may in- 
luce or aggravate the pain of coronary disease; 
it tends to relieve pulmonary hypertensive 
pain when bronchial asthma is the underlying 
lisease process. Unfortunately, ‘adrenaline is 


dangerous in patients with coronary disease, 
and thus its usefulness in differential diagnosis 
is limited. 

Aminophylline may relieve either pain upon 
intravenous administration. In our experience, 
relief following rectal or oral administration is 
more likely to occur when the pain is asso- 
ciated with pulmonary hypertension than 
with coronary disease. 

Nitroglycerin has either no effect or only a 
minimal palliative effect on pulmonary hyper- 
tensive pain. This does not aid in differentiat- 
ing the syndrome from myocardial infarction 
but is of great importance in excluding effort 
angina or status anginosus. We have followed 
a number of individuals who were diagnosed 
15 or 20 years ago as having angina pectoris, 
but who obtained little or no relief from nitro- 
glycerin. Most of these subjects are now recog- 
nized as having pulmonary hypertensive pain, 
and we believe that our original diagnosis of 
angina pectoris was incorrect. At the present 
time we are unwilling to make a positive diag- 
nosis of angina pectoris in the absence of evi- 
dence of striking benefit from nitroglycerin. 


The points which have been mentioned will 
usually suffice to allow an accurate differentia- 
tion between the pain associated with pul- 
monary hypertension and that due to coro- 
nary disease, in spite of the great similarity of 
the two conditions. Such a _ differentiation 
cannot be made quickly, and especially not 
by the usual brief clinical examination followed 
by electrocardiograms. The distinction de- 
pends rather upon judicious interpretation of a 
meticulously conducted examination, and es- 
pecially upon thoroughness in history taking. © 


The prognosis in patients with pulmonary 
hypertensive pain appears to be much better 
than that in subjects with coronary disease. 
Sudden unexpected death may occur in 
subjects with pulmonary embolism, and in 
those with marked arterial anoxia, but it is 
less likely to occur than in patients with 
coronary disease. Frequent, severe, and pro- 
longed attacks of pain have a less ominous 
significance than in the case of coronary dis- 
ease. In general, the prognosis is that of the 
underlying causative disorder. The treatment, 
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likewise, is essentially that of the underlying 
disease. In addition, oxygen and rectal amino- 
phylline often are beneficial. 


When we turn from the clinical to the physio- 
logic aspects of this syndrome, a number of 
interesting points arise: 

1. Why ts the pain so similar to that produced 
by disorders of the coronary circulation? 
The answer would appear to be that the affer- 
ent nerves from the pulmonary artery enter 
the nervous system by way of the same path- 
ways as those from the heart. The rich net- 
works of nerve fibers in the pulmonary artery 
pass to the anterior and posterior pulmonary 
plexuses, and thence by way of the vagi and 
the upper four dorsal sympathetic routes to 
the central system. The identical 
pathways are followed by nerves from the 
heart. Furthermore, there are many _ inter- 
connecting fibers between the pulmonary and 
cardiac plexuses. 

») 


nervous 


What is the exact mechanism of the pro- 
duction of the pain? Several theories have been 
proposed, but none has been definitely estab- 
lished. For a review of them the reader is 
referred to the report of Burgess and Ellis.! 
The presence of the pain in individuals without 
cyanosis, and its absence in instances of the 
tetralogy of Fallot, make unlikely the idea 
that arterial anoxia is responsible. Since it has 
been shown that anoxia produces constriction 
of the pulmonary vessels,'’: 2° the dramatic 
benefit produced in some patients by oxygen 
can perhaps be ascribed to dilatation of pul- 
monary vessels, and consequent decline in 
pulmonary pressure. 

The concept of decline in coronary blood 
flow consequent to decline in cardiae output is 
not compatible with the demonstration by 
Cournand and co-workers” of high cardiac 
output in most instances of cor pulmonale. 
The idea of reflex coronary constriction is not 
supported by the direct experiments of Katz,”! 
by the type of electrocardiographic changes 
usually encountered, or by the failure of 
response to nitroglycerin. 

The idea that the pain may be the result of 
pulmonary arteriosclerosis is disproved by its 
sudden onset following pulmonary embolism. 


The concept that this pain represents right 
ventricular angina, and is the result of me- 
chanical hindrance to systolic coronary flow 
consequent to increased right intraventricular 
pressure, is attractive. The chief evidence 
against it is the failure to respond to nitro- 
glycerin. 

It is perhaps more likely that the pain 
arises in the pulmonary artery itself, and is the 
direct result of distention of the vessel. The 
mechanism would, therefore, be somewhat 
analogous to that of migraine. This hypothesis 
is supported by the patients in our series. 
Each of them had clinical evidence of pulmo- 
nary hypertension, and the ones who came to 
necropsy displayed dilatation of the pulmonary 
artery. In the absence of convincing evidence 
to the contrary, this hypothesis would seem to 
offer the simplest and most likely explanation. 

3. What is the reason for the striking relation- 
ship of the pain to muscular exercise in certain 
patients? If one accepts the idea that the pain 
is the result of distention of the pulmonary 
artery as the result of increased pressure, the 
studies of Hickam and Cargill” probably fur- 
nish the answer to this question. They- found 
that exercise which produced no rise in pul- 
monary arterial pressure in healthy subjects 
led to a well marked rise in persons with em- 
physema or mitral stenosis. 


SUMMARY 


1. Chest pain associated with increased pul- 
monary arterial pressure is infrequently dis- 
cussed in the recent literature. Perhaps the 
reason for this is that this pain mimics that of 
coronary disease so closely that it is usually 
misdiagnosed as angina pectoris or myocardial 
infarction. 

2. This pain, though identical in character 
and location with the pain of coronary disease, 
differs in certain other respects. The differen- 
tiation from pain due to coronary disease is 
considered in some detail. 

3. Six case summaries are presented and 
commented upon. 

4. Although the mechanism of the pain is 
not established beyond question, it is believed 
that distention of the pulmonary artery con- 
sequent to pulmonary hypertension is the most 
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likely 
is presented. 


cause. Evidence for this conclusion 
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A Study of the Digitalis-like Action of 


Thevetoidin in Man 


By Ienacto Cuavez, M.D., RAFAEL MénpEz, M.D., AND LEONARDO O. Cuart, M.D. 


The effect of thevetoidin in heart failure has been studied. Thevetoidin has a prompt and partly 
transient digitails-like effect which is shown on the heart rate, the circulatory velocity and on the 
P-R and Q-T intervals of the electrocardiogram, and also a cumulative effect similar to that of 
strophanthin. Due to its intense vagal effect and its quick digitails-like action, paroxysmal auri- 
cular tachycardia was stopped in two patients out of three in from three to four minutes. Its 
therapeutic advantages and disadvantages are discussed. 


NEW eardioactive substance, thevetoi- 
din, has been isolated from Thevetia 
gaumeri, in the Department of Physiol- 

ogy and Pharmacology of the National Insti- 
tute of Cardiology, Mexico. Thevetia gaumeri, 
which grows in various states of the Mexican 
republic, was identified botanically by Marti- 
nez! in Mexico and by Woodson? in the United 
States. The chemical extraction of thevetoidin 
from the seeds of this plant was accomplished 
by E. Sodi-Pallares and R. Mendez’: ‘ and the 
pharmacologic study was done by Mendez and 
collaborators.°® 

Thevetoidin is a white, crystalline, mod- 
erately hygroscopic powder. Recent chemical 
studies still in progress have shown that the 
thevetoidin used in the present work contains a 
cardiac glycoside, acetylthevetin, and a small 
amount of a quaternary ammonium base which 
has been identified as diacetylisomuscarine. 
Pharmacologic studies revealed that this sub- 
stance in a concentration of 1 & 10-4 caused 
systolic arrest of the frog heart (method of 
Straub-Fuehner) in 20 minutes. The arrest was 
shown to be reversible on washing with Ringer’s 
fluid. The minimum lethal dose in the frog 
obtained by the official method of the U.S.P. 
XIII is 2.6 mg. and by the method of Hatcher 
and Brody (technic of Storm van Leeuwen), 
2.3 mg. 

Experiments carried out by one of us (R. M.) 





From the Instituto Nacional de Cardiologia, 
México, D. F., México. 

A preliminary report of this investigation was 
presented at the first International Congress of 
Cardiology in September, 1950. 





in the insufficient heart of the heart-lung prepa- 
ration?» * have shown that thevetoidin can 
reverse experimental cardiac insufficiency, 
whether spontaneous or induced by pentobar- 
bital. In a dose of 0.8 mg. the effect was tran- 
sient, failure reappearing within 50 to 60 min- 
utes in the same degree as existed before 
administration of the drug. In the dog anesthe- 
tized with pentobarbital (20 mg. per Kg.) and 
chloralose (80 mg. per Kg.) a dose of thevetoi- 
din of 0.5 to 0.6 mg. per Kg. produced toxic 
effects which consisted of bradycardia and pro- 
longation of the P-R interval, followed by 
auriculoventricular dissociation and multifocal 
ventricular extrasystoles. These toxic effects 
on ventricular automatism disappeared rapidly 
and the P-R interval returned to its normal 
duration within approximately one to two 
hours. 

With these data as a background we under- 
took a clinical study of thevetoidin, believing 
that we were dealing with a substance with a 
very rapid transient action similar to that of 
thevetin and of acetylstrophanthidin studied 
by Gold and collaborators.®: !° However, anal- 
ysis of the cases which we present in this 
paper demonstrates that the new substance 
possesses, in addition to the rapid and transient 
action revealed in the pharmacologic study, a 
cumulative tendency similar in degree to that 
of strophanthin.!! 


CasE MATERIAL 


The clinical results which constitute the 
theme of this preliminary work have been ob- 
tained in 10 patients with rheumatic heart dis- 
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ease, seven of whom were in a state of cardiac 
insufficiency and three of whom had paroxysmal 
auricular tachycardia. Of those patients in 
heart failure, two had mitral and tricuspid 
valvular disease with auricular fibrillation but 
without active rheumatic disease; two had simi- 
lar lesions with fibrillation and active rheu- 
matic disease; one patient with lesions of the 
mitral, aortic, and tricuspid valves had a nor- 
mal sinus rhythm and an active rheumatic 
process; one had mitral stenosis and regurgita- 
tion and one had lesions of the mitral and 
aortic valves, both having sinus rhythm and 
inactive rheumatic disease. 


METHODS 


The patients (except those treated for paroxysmal 
auricular tachycardia) were maintainedjat rest for 
several days before experimentation. In only one 
patient had any preparation of digitalis been ad- 
ministered for at least 10 days previously. The heart 
ratetand electrocardiographic changes were care- 
fully recorded. In the patients with fibrillation, 
measurements of the Q-T interval were studied in 
groups of 10 beats, relating each Q-T interval with 
the preceding R-R interval. The circulation time 
was measured by means of potassium cyanide. 

Thevetoidin was always administered by vein. 
Due to the hygroscopic nature of the substance the 
thevetoidin was stored in evacuated ampoules and 
dissolved in a volume of 1 or 2 ce. of physiologic 
saline immediately before injection: 


RESULTS 
Group 1 


(a) Patients with Mitral and Tricuspid Le- 
sions and Auricular Fibrillation, but without 
Active Rheumatic Disease (two cases). The first 
patient (No. 18610.B2), a girl 18 years of age 
weighing 48.2 Kg., had been hospitalized sev- 
eral times in the Institute of Cardiology and on 
each occasion was treated by the classic meth- 
ods of digitalization. The second (No. 
23673.B3), a woman 25 years of age weighing 
50 Kg., hospitalized for the first time, was 
treated first with thevetoidin and several days 
later with Digilanid. Due to the advanced state 
of the lesions of these two patients, the improve- 
ment which was obtained in the clinical signs 
with Digilanid and with thevetoidin, although 
clear, did not constitute a dramatic reversal of 
the cardiac insufficiency. However, slowing of 


the heart rate, decrease in liver size, and reduc- 
tion of jugular engorgement, of edema, and of 
effort dyspnea with resulting subjective im- 
provement, were as great with thevetoidin as 
with Digilanid. 

Figure 1 shows the changes of heart rate in 
one of these women after daily injections of 
thevetoidin. Each injection of 10 mg. (0.2 per 
Kg.) caused a decrease in the heart rate. The 
dots on the graph show control rates taken just 
before each injection. In figure 1 the rate is 
seen to decline from 130 to 73 after the ad- 
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Fic. 1. Cumulative action on the heart rate of re- 
peated injections of thevetoidin. REG. 18610, 18 
year, 48.2 Kg. Inactive rheumatic valvular disease, 
mitral stenosis and regurgitation, tricuspid insuffi- 
ciency, auricular fibrillation, and cardiac insuffi- 
ciency grade III. 


ministration of 27.5 mg. of the drug in three 
days. Subsequent injections (40 mg. in five 
days) reduced the heart rate even further to 
64 beats per minute. In the second patient a 
similar decrease of rate after approximately 
the same dosage of thevetoidin was observed. 
Return of the heart rate to the level obtained 
prior to treatment developed gradually over a 
period of approximately five days. 

The fundamental difference between the ef- 
fects produced in these patients by the classic 
cardiac glycosides and by thevetoidin was that 
with the latter substance the maximum re- 
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sponse was obtained within 10 to 12 minutes 
after each injection. The effect on the heart 
rate regressed slowly after this time but the 
heart rate on the day following the injection 
was always less than that before injection until, 
after repeated doses, it was reduced to a con- 
trolled level. That is to say, thevetoidin appears 
to exert a double effect: the first rapid, with a 
maximum effect at 10 to 12 minutes after in- 
jection, and the second slow and cumulative. 
Figure 1 demonstrates this latter action and 
figure 2 illustrates the former. The irregularity 
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Fig. 2. Rapid effect on heart rate of a single injec. 
tion of thevetoidin. Same patient as figure 1. 


in the heart rate shown in figure 2 was due to a 
brief period of vomiting which occurred four 
minutes following the administration of theve- 
toidin. 

An early effect was observed on the Q-T in- 
terval of the electrocardiogram, an effect which 
disappeared almost completely one to two hours 
after the first dose of thevetoidin. Subsequent 
injections showed a cumulative effect to which 
we have already referred in describing changes 
of heart rate. After the second or third dose, 
there appeared in these patients depression of 
the S-T segment similar to that observed with 
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the cardiac glycosides; these effects did not 
regress until three or four days following termi- 
nation of the treatment. 

(b) Patients with Auricular Fibrillation, Mi 
tral and Tricuspid Lesions, and Active Rheu 
matic Fever (two cases). One (No. 1 REG. 
10935.C39) was a youth of 15 years weighing 
33.2 Kg.; and one (No. 2 REG. 10988.B13), : 
43 year old mother weighing 47.4 Kg. 

The same, or even one-half, the amount of 
the drug administered to the two previous pa- 
tients frequently caused extrasystoles and at 
times bigeminal rhythm lasting for 10 to 50 min- 
utes in these two patients with active rheu- 
matic fever. Injection was occasionally followed 
by mild subjective discomfort such as vague 
discomfort in the precordial region, sensations 
of heat, pain in the eyes, or paresthesias in the 
extremities. These sensations disappeared 
quickly. In the last days of treatment there was 
observed a more prolonged bigeminal rhythm, 
with persistence of extrasystoles until the day 
following the injection. 

The manifestations of toxicity in these two 
patients with active rheumatic disease are to 
be contrasted with the results obtained in the 
two patients without rheumatic activity, in 
whom no effect whatsoever on ventricular 
rhythm was observed during the 10 days of 
treatment with daily doses of 0.2 mg. per Kg. 

(c) Patients without Rheumatic Activity and 
with Sinus Rhythm (two cases). The first (REG. 
22241.C8), a girl of 15 years weighing 34.2 Kg., 
with mitral stenosis and regurgitation, received 
single doses of 5 mg. of thevetoidin daily for 
four days. Before beginning treatment the heart 
rate was 102 beats per minute; a presystolic 
gallop was present. The liver was palpated 3 
em. below the costal border in the midclavicular 
line and presented grade II pulsations. The 
circulation time measured with potassium cya- 
nide was 26 seconds (normal, 18 seconds). 
Roentgenograms of the chest showed grade III 
-ardiac enlargement and pulmonary congestion. 
On the second day of treatment the heart rate 
had been reduced to 80 beats per minute with 
disappearance of the gallop rhythm. The liver 
regressed to no more than 1 cm. below the 
costal border and pulsations were estimated at 
no more than grade I. The circulation time was 
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reduced to 19 seconds. On the third day the 
liver had regressed to the costal margin and 
was no longer felt to pulsate. On the fourth day 
the circulation time was 16 seconds and x-ray 
‘xamination demonstrated a definite diminu- 
‘ion of the cardiac shadow and of pulmonary 
‘ongestion (fig. 3). 

On the last day when the patient had re- 
‘eived a total of 20 mg. of thevetoidin there 
vere occasional extrasystoles and nausea, about 
ihree minutes after the injection, which rapidly 
lisappeared. Hours later, vomiting occurred. 


Reg. 22241. C36.- Despues de inyectar 
5. mg. diarios de Tevetoidina durante 4 


on the P-R interval and the Q-T interval in 
this case are presented graphically in figure 4. 

The second case (REG. 18676.C36), a boy 
of 15 years, weighing 34.5 Kg., with mitral 
stenosis and regurgitation and aortic insuffi- 
ciency, received single daily doses of 5 mg. of 
thevetoidin during a period of three days. Due 
to the development of vomiting the dose was 
reduced to 3.5 mg. daily during the six follow- 
ing days. This dose produced no emetic action. 
Pefore treatment the heart rate was 104 beats 
per minute with a presystolic gallop. The liver 


Fic. 3 Reduction of area of cardiac silhouette after daily injections of 5 mg. during four days. 
The silhouette after injection has been drawn on the figure on the right. REG. 22241, 15 vears, 34.2 
Kg. Inactive rheumatic valvular disease; mitral stenosis and regurgitation; sinus rhythm. Cardiac 
insufficieney grade IT. 


In this patient digitalis-like effects on the 
()-T interval similar to those in preceding cases 
were also observed; to this effect was added 
prolongation of the P-R interval which in- 
creased from 0.18 second as measured on the 
first day to 0.21 second on the fourth day. The 
P-R interval returned to the original value of 
0.18 second four days after termination of treat- 
ment. The early brief action of the drug could 
be demonstrated also with respect to this meas- 
urement, for on the third day it increased from 
0.20 second to 0.23 second seven minutes fol- 
lowing the injection, only to return to 0.21 
second 30 minutes later. The cumulative effects 


margin was palpated 10.5 em. below the costal 
border in the midline and 6 em. in the mid- 
clavicular line with grade II pulsations. The 
venous pressure was 23 em. of water. The cir- 
culation time measured with potassium cya- 
nide was 26 seconds. Twenty-eight minutes 
following the first injection the circulation time 
was reduced to 20 seconds. 

On the second day the liver margin was 9.5 
cm. below the costal margin in the midline and 
5 em. in the midclavicular line; pulsations were 
reduced to grade I. Except for delayed vomit- 
ing no other changes were reported. On the 
third day the heart rate was 96 per minute and 
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vomiting occurred one minute following the 
injection preceded by an ill defined taste and a 
sensation of numbness in the lower lip. Vomit- 
ing occurred again later. On the fourth day the 
dose was reduced to 3.5 mg. Nausea and a mild 
pain in the eyeballs appeared after the injection 
but rapidly receded. The circulation time was 
reduced to 19 seconds. On the fifth day the liver 
edge was palpated at 8.5 cm. below the costal 
margin in the midline and only 2.5 em. in the 
midclavicular line; pulsations were no longer 


5 mg. doses 
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Fic. 4. Cumulative effect of repeated injections 
of thevetoidin on the P-R and Q-T intervals. REG. 
18676, 15 years, 34.2 Kg. Inactive rheumatic 
valvulitis; mitral stenosis and regurgitation; cardiac 
insufficiency grade IT. 


observed. The heart rate was 92 per minute but 
the gallop rhythm persisted. From the sixth to 
the ninth day no further variations were ob- 
served. On this last day two doses of 3.5 mg. 
each were administered. A second bout of re- 
peated vomiting lasting several hours followed. 

On the tenth day, when treatment was ter- 
minated, the heart rate was 90 per minute. 
Gallop rhythm persisted and the liver was pal- 
pated 7.5 cm. below the costal border in the 
midline and 2 cm. in the midclavicular line. 
Pulsations were not detected. Circulation time 
was 20 seconds. Venous pressure was 18 cm. 


DIGITALIS-LIKE ACTION OF THEVETOIDIN 


of water. No significant changes were observed 
in the cardiac size. 

The most marked changes in this case were 
the reduction of liver size and pulsation and of 
the circulation time and the venous pressure. 
It is to be emphasized that the diminution of 
six seconds in the circulation time obtained 
following the first dose was not improved with 
subsequent doses. The effects on the P-R and 
Q-T intervals were similar to those found in 
the other patients. 


Group 2 


Paroxysmal Auricular Tachycardia (three 
cases). The rapid action of thevetoidin with its 
strong vagal component observed experimen- 
tally and in some patients suggested to us the 
possibility of its use in paroxysms of auricular 
tachycardia. The first patient, C8, a 15 year 
old girl weighing 30 Kg., with inactive rheu- 
matic fever and grade I cardiac insufficiency, 
received an injection of 6 mg. which restored 
sinus rhythm in four minutes. Paroxysmal 
tachycardia did not recur during our observa- 
tion. In the second case, B2, a 16 year old girl 
weighing 40 Kg., with active rheumatic disease, 
a dose of 8 mg. caused no effect whatsoever. 
Six hours later she received 10.5 mg. Two and 
one-half minutes following this dose there ap- 
peared 2:1 and 3:1 A-V block which lasted 
three minutes; later 1:1 rhythm was reestab- 
lished with a prolonged P-R interval, but the 
paroxysm of tachycardia was not terminated. 
The third case, C. E., a youth of 20 years 
weighing 60 Kg. with active rheumatic disease, 
received 12 mg. Tachycardia ceased within 
three minutes. 


Dosage and Secondary Effects 


A daily dose of 0.2 mg. per Kg. of body 
weight produced complete digitalis-like effects 
in three or four days. A single injection of 10 
mg. in patients weighing approximately 50 
Kg. produced nausea and vomiting in almost 
every case. The time of appearance of this 
side effect varied between 2 and 15 minutes 
and the episode was in general of no more 
than a few minutes duration. Division of the 
dose into two injections per day each of 0.1 
mg. per Kg. with an interval of several hours 
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hetween the two injections, almost always pre- 

ented the appearance of vomiting. In only one 
ase Was a moderate and brief period of nausea 
bserved under this method of administering 
he drug. In general, children tolerated the 
-trong dose of 0.2 mg. per Kg. better than 
dults and only on rare occasions was vomiting 
 bserved. Other mild transient secondary side 
‘fects, such as paresthesias, ocular pain, and a 
~ensation of heat, were observed only occa- 
ionally. 

We have made no systematic attempt to 
obtain a rapid digitalis-like effect in less than 
three days. We believe, however, that with 
doses appropriately divided full effects of the 
drug may be obtained in 24 hours or less. In 
one adult patient with auricular fibrillation, 
who received 17.5 mg. divided in two injections 
given six hours apart, a reduction of heart rate 
from 130 to 80 was achieved. 


Demonstration of the Transient Nature of the 
Toxic Action 


One male patient, weighing 36 Kg., with 
paroxysmal auricular tachycardia probably due 
to digitalis intoxication, received by error 9 
mg. of thevetoidin. One minute later there ap- 
peared a salvo of ventricular extrasystoles from 
four foci. Four minutes after the injection the 
extrasystoles were less frequent, originating 
from only two foci, and there was 3:1 and 2:1 
A-V block. Five minutes after the injection 
extrasystoles had disappeared but a 2:1 A-V 
block persisted. Eight minutes after injection 
an episode of auricular fibrillation of only one 
minute duration appeared. By 10 minutes much 
of the evidence of intoxication had disappeared. 
The auricular tachycardia continued. 


DIscussION 


The results demonstrate that thevetoidin 
possesses a typical digitalis-like action and that 
within this general action there may be distin- 
cuished two different effects. The first is char- 
acterized by an early, rapid and _ partially 
‘eversible action on the heart rate, A-V conduc- 
‘ion, the Q-T interval and by the production of 
brief toxic effects (transient extrasystoles, nau- 
sea and vomiting). The second effect is 


characterized by a cumulative action similar to 
that of strophanthin. 

Pharmacologic study of thevetoidin demon- 
strated the first of these two actions. With 
appropriate doses the action on the insufficient 
heart in the heart-lung preparation was very 
rapid: the effect reached a maximum in ap- 
proximately 10 minutes only to diminish pro- 
gressively until within an hour insufficiency of 
the degree present before injection was reestab- 
lished. This rapid action and its early disappear- 
ance were confirmed by experiments on 
anesthetized dogs in which digitalis-like toxic 
effects produced by one injection of thevetoidin 
rapidly disappeared. The later and more per- 
sistent effect has been demonstrated by the 
clinical studies described in the present paper. 
These studies showed that in addition to the 
rapid action a clear cumulative effect develops 
which suggests one of the two following possi- 
bilities: first, that thevetoidin possesses two 
different effects, one brief and one persistent; 
second, that thevetoidin contains two sub- 
stances each responsible for one of the two 
effects. Since thevetoidin has recently been 
shown to contain small amounts of a muscarin 
derivative in addition to a cardiac glycoside, 
the early effect might be due to the combina- 
tion of the action of the quaternary ammonium 
base with the fast-acting glycoside. The vagal 
effect caused by the quaternary ammonium 
base should at least be partly responsible for 
the effect in patients with paroxysmal auricular 
tachycardia. 

The small number of cases studied does not 
permit us to fix precisely the limits of dosage. 
However, it appears almost certain that one — 
may expect adequate digitalis-like effects with 
the administration of 0.2 mg. per Kg. divided 
in one, or better two, daily injections during 
three or four consecutive days. 

While considering dosage it is important to 
discuss the side effects of the drug. The mild 
subjective symptoms described are brief and of 
only minor significance. On the other hand, the 
frequency of vomiting marks thevetoidin as a 
digitalis-like substance which provokes this side 
effect with great facility. Clinically, this con- 
stitutes a great inconvenience. Fortunately, we 
have found that dividing the dose or reducing it 
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slightly lessens or even eliminates vomiting. 
The results obtained with the prophylactic ad- 
ministration of Dramamine to two patients 
suggest the use of this drug to avoid vomiting 
following the administration of thevetoidin. 

With respect to its surprising speed of action 
thevetoidin possesses a great advantage over 
strophanthin, being comparable only with the- 
vetin and acetylstrophanthidin, as studied by 
Gold and collaborators.’: !° Thevetoidin, how- 
ever, possesses a cumulative action. It is not 
apparent from the studies of Gold whether 
thevetin and acetylstrophanthidin are similar 
in this respect since their experiments were 
limited to observation of acute effects of a single 
injection on the heart rate without electrocar- 
diographic records or observation of changes in 
the degree of cardiac insufficiency. 

The speed of action of thevetoidin is unsur- 
passed by any other known cardiae drug. The 
drug slows the heart rate, increases the circu- 
latory velocity and improves the work of the 
heart. It has not been used in the treatment of 
acute cardiac failure for fear of its emetic effect. 
A glycosidic substance purer than thevetoidin 
will shortly be used for the treatment of this 
condition. 

Py virtue of its cumulative action, which 
prolongs its effects for several days, thevetoidin 
has proved to be very efficacious in the treat- 
ment of chronic cardiac insufficiency. In the 
course of three or four days we have been able 
to achieve digitalis-like effects with variable 
results according to the type of the patient 
treated; in some elimination of cardiac insuffi- 
ciency was complete, in others only improve- 
ment was obtained, but in the latter cases the 
complete correction of insufficiency was im- 
peded by the presence of advanced tricuspid 
lesions or rheumatic activity. Furthermore, in 
these same patients digitalis itself failed to 
restore a complete state of compensation. The 
major advantage of thevetoidin in cases of 
chronic insufficiency appears to be based on the 
low incidence with which persistent arrhyth- 
mias are produced. Patients who were unable 
to tolerate digitalis because of the rapid de- 
velopment of bigeminal rhythm have responded 
well to thevetoidin with only occasional tran- 


sient extrasystoles. One patient already intoxi- 


‘ated with digitalis who received by accident 
a dose of thevetoidin developed an arrhythmia, 
but this disappeared in the course of only a few 
minutes while arrhythmia due to digitalis may 
be expected to last for a long time. 

It seems apparent that thevetoidin may be 
a product more controllable than digitalis in 
the early cardiac insufficiency following myo- 
cardial infarction. In this situation fear of pro- 
voking grave arrhythmias at times prevents the 
use of digitalis. Thevetoidin could be equally 
useful but less dangerous. Later studies will 
permit us to confirm or deny this point. 


SUMMARY 

Thevetoidin, a cardioactive substance ob 
tained from a Mexican species of Thevetia has 
been subjected to clinical study. This study 
has been carried out in 10 rheumatic patients, 
seven of whom were ina state of cardiac insuf- 
ficiency with or without auricular fibrillation, 
and three of whom had paroxysmal auricular 
tachycardia. 

The results obtained with thevetoidin in car- 
diac insufficiency were analogous to those ob 
tained with digitalis in the same patients. 

Of the three patients treated during paroxys- 
mal tachyeardia, normal sinus rhythm was 
restored in two within three to four minutes 
following injection of the drug. 

Thevetoidin has an early action on heart 
rate, on circulatory velocity, and on the P-R 
and Q-T intervals of the electrocardiogram, 
effects which reach their maximum within 10 
to 12 minutes. In addition to this early action 
it possesses a cumulative effect similar to that 
of strophanthin which permits the satisfactory 
treatment of chronic cardiac insufficiency. The 
transient nature of the effects of thevetoidin 
is apparent with respect to the early toxic 
manifestations, such as vomiting and ventricu- 
lar extrasystoles. 
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The Treatment of Hypertension with 
Hexamethonium 


By Epwarp D. Frets, M.D., Frank A. Finnerty, Jr., M.D., Harotp W. Scunaprer, M.D., 
AND CapTAIN Rosert L. Jounson, M.C., U.S. A. F. 


Hexamethonium by subcutaneous injection in doses of 10 to 75 mg. of the ion every 8 or 12 hours 
produced significant reductions of arterial pressure and symptomatic improvement in a high per- 
centage of patients with benign or malignant hypertension. Methods for preventing tolerance and 
undesirable side effects are presented, and the advantages as well as the limitations of hexamethon- 


ium therapy are discussed. 


N 1948 Paton and Zaimis' introduced a 

series of polymethylene bistrimethylam- 

monium compounds of which the decame- 
thonium (C10) member exhibited curariform 
properties while the penta- and hexametho- 
nium (C5 and C6) compounds produced a 
blockade of all autonomic ganglions. 

Arnold, Goetz and Rosenheim? and Burt 
and Graham’ demonstrated the marked vaso- 
dilator and hypotensive properties of penta- 
methonium in man. Kay and Smith‘ noted a 
marked reduction of gastric acidity after 
hexamethonium in patients with peptic ulcer, 
this effect apparently being due to inhibition 
of the parasympathetic nervous system. Favor- 
able reports®-* have appeared concerning the 
use of C5 and/or C6 in the treatment of essen- 
tial hypertension. 

Previous studies in this laboratory indicated 
that hexamethonium, C6, produced greater 
vasodilatation in the toes than either tetraethyl- 
ammonium or Priscoline.* Quantitative meas- 
urements of the increase in foot blood flow 


From The Cardiovascular Research Laboratory, 
Georgetown University Hospital and the Department 
of Medicine, Georgetown University School of Medi- 
cine, the Georgetown Medical Division, Gallinger 
Municipal Hospital, and the Veterans Administration 
Hospital, Washington, D. C. 

Supported in part by research grants from the 
National Heart Institute, U.S. Public Health Service; 
The Squibb Institute for Medical Research, New 
Brunswick, N. J.; and Irwin, Neisler and Company, 
Decatur, Ill. 

Hexamethonium dibromide (Bistrium) was sup- 
plied by H. Sidney Newcomer, M.D., E. R. Squibb 
and Sons, New York, N. Y. 


after 50 to 100 mg. of C6 ion in normal subjects 
suggested that this compound produced nearly 
complete blockade of the sympathetic outflow 
to the foot!® and was, therefore, considerably 
more potent than previously known vasodilator 
agents.!' The present communication outlines 
our experience to date with C6 in the treat- 
ment of hypertension. The dosages of hexa- 
methonium given in this paper refer to the 
amount of C6 ion rather than of the salt hexa- 
methonium dibromide. 


TiME-DosE RELATIONSHIPS 


Following the intravenous administration 
of 5 to 50 mg. of C6 ion (9.6 to 96 mg. of hexa- 
methonium dibromide) the cardiovascular ef- 
fects of the drug appeared within two to three 
minutes and quickly reached a maximum 
within 10 minutes or less. These effects con- 
sisted of a reduction of blood pressure and 
increase of heart rate, both of variable degree, 
as well as a consistent marked postural hypo- 
tension. Following the larger doses there also 
was a marked increase of foot blood flow and 
digital skin temperature. The peak of these 
effects usually lasted 15 minutes after which 
there was a gradual waning over a period of 
5 to 10 hours. The heart rate usually in- 
creased only slightly and at times actually 
decreased. 

By the intramuscular and subcutaneous 
routes responses occurred at 15 to 30 minutes 
following injection and persisted for a period 
similar to that observed after intravenous ad- 
ministration. 
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EFFECT OF ORAL ADMINISTRATION OF 
HEXAMETHONIUM 


A previously untreated 49 year old man with 
essential hypertension was given 25 mg. of C6 
intravenously with a reduction of blood pres- 
sure from 220/120 to 160/95 and a further fall 
to 110/70 on sitting up in bed. The next day 
he was given 0.5 Gm. of C6 ion orally in the 
form of the dibromide salt. One hour later the 
blood pressure had fallen from 225/125 to 
190/115 with a further reduction to 150/110 
on standing upright. Two hours later the blood 
pressure rose to the control values and the 
postural hypotension had disappeared. 

The next morning the patient was given 0.8 
Gm. of C6 ion after breakfast. There was no 
significant reduction of arterial pressure until 
three hours after the dose had been taken when 
the blood pressure was unchanged with the 
patient in the supine position but in the erect 
position it fell from 210/130 to 160/115. At 
five hours the patient complained of feeling 
cold (a reaction we have noted when the in- 
crease in peripheral blood flow is intense). The 
blood pressure was 170/115 supine and 120/90 
erect. At eight hours he felt weak and listless 
and was unable to stand without faintness. 
The blood pressure was 160/110 supine and 
110/80 on sitting up in bed. At 10 hours the 
blood pressure supine was 130/80 and the pa- 
tient developed nausea and vomiting. Follow- 
ing this the blood pressure rose gradually and 
at 24 hours it was 180/100 with no postural 
hypotension. Thus, a dose of 0.5 Gm. had 
produced only a transient and minimal response 
whereas the next day a dose of 0.8 Gm. had 
resulted in a delayed and profound degree of 
autonomic blockade. Similar unpredictable 
responses were seen in two other cases who were 
given single daily doses of C6 orally. 

Three hospitalized patients who had ex- 
hibited satisfactory hypotensive responses to 
parenteral C6 in doses varying from 10 to 25 
nig. twice daily were given the drug orally in 
amounts varying from 0.25 to 1.0 Gm. of C6 
ion every 12 hours for periods ranging from 
five days to two weeks. In all of these patients 
tle hypotensive response usually was consider- 
ably less marked and more fleeting than after 


parenteral dosages. It was apparent that these 
large oral doses were insufficient, suggesting 
that almost the entire amount had been de- 
stroyed in the gastrointestinal tract. However, 
on occasion marked reductions of blood pres- 
sure occurred accompanied by severe postural 
hypotension suggesting that the rate of destruc- 
tion and absorption was sporadic and, hence, 
unpredictable. 


Toxic REACTIONS 


The “toxic reactions” to the drug appeared 
to be due entirely to the blockade of autonomic 
ganglions. In hypertensive, elderly and de- 
bilitated patients sudden and profound reduc- 
tions of blood pressure to collapse levels have 
occurred even when the patients were in the 
supine position. Parenteral doses as small as 
10 mg. may precipitate these marked hypo- 
tensive reactions. Almost always they occurred 
after the initial injection and, when dosages 
were repeated several times per day, the blood 
pressure reduction was more moderate. How- 
ever, if the drug was discontinued for four or 
five days or longer an injection of C6 might 
be followed again by a marked fall of arterial 
pressure. In general, the greater the interval 
between injections of C6 the more marked and 
long lasting the reduction of blood pressure 
following each injection. 

All patients exhibited marked postural hypo- 
tension which persisted for four to six hours 
or even longer but was severe only during the 
first three hours after the drug. During con- 
tinued administration of C6, particularly if 
the drug was given at frequent intervals 
(four to six hours apart) the postural effect 
diminished in intensity. With less frequent 
administration (8 to 12 hour intervals) con- 
siderable but not disabling postural hypoten- 
sion was retained for as long as our observations 
have been carried out (five months). 

Approximately two-thirds of the hyperten- 
sive patients complained of constipation. In 
addition, in four cases a condition resembling 
paralytic ileus occurred during the first week 
of treatment which was manifested by disten- 
tion, obstipation, absence of peristaltic sounds 
on auscultation of the abdomen and nausea. In 
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one instance fluid levels were seen in the small 
bowel by roentgenography. 

The constipation and ileus apparently were 
due to the marked inhibition of gastrointestinal 
tract motility produced by the blockade of the 
autonomic nervous system, particularly the 
parasympathetic system." For this reason we 
have used more recently, to restore bowel 
motility, parasympathomimetic agents, the 
most satisfactory of which has been the 
urethane of 6-methylcholine (Urecholine) in 
doses of 5 to 20 mg. (average dose 10 mg.) 
under the tongue two to three times per day. 
If constipation continued despite tolerated 
doses of this drug, laxatives such as mineral 
oil and magnesium hydroxide were used in 
addition. However, since Urecholine has been 
used no further cases of ileus have been en- 
countered. The drug also prevented the dryness 
of the mouth complained of in a few patients. 

Four hypertensive patients complained of 
urinary retention. This difficulty also occurred 
early in treatment and disappeared following 
temporary reduction of dosage. It probably 
also is due to parasympathetic blockade and 
has not been observed since the introduction 
of parasympathomimetic agents into the treat- 
ment regimen. 


DosaGE ADJUSTMENT 


In all cases over the age of 40 and in all 
debilitated or hypertensive patients the initial 
dosage level was determined as follows: while 
the blood pressure was being recorded once 
per minute in the opposite arm, the patient 
being propped up slightly in bed, C6 was 
injected at a rate of 1 mg. of the ion per min- 
ute until a total of 10 mg. had been adminis- 
tered. If there was no significant fall of blood 
pressure the rate of administration was in- 
creased to 2 mg. per minute until an additional 
10 mg. had been given and then at a rate of 5 
mg. per minute to a total of 50 mg. As soon as 
a slight reduction of blood pressure occurred 
the injection was temporarily halted for two 
to three minutes in order to determine whether 
a further fall of pressure would occur. 

If, at any time during this trial period, there 
was a profound fall of blood pressure, the pillow 
was removed from beneath the patient’s head 


and he was placed in a head-down position by 
tilting the foot of the bed on shock blocks. The 
lower extremities were elevated and passively 
exercised. If this failed to restore the blood 
pressure the intravenous administration of 2 to 
5 mg. of phenylephrine hydrochloride (Neo- 
synephrine) intravenously quickly elevated the 
blood pressure to normal levels. These severe 
hypotensive reactions occurred prior to the 
institution of the method for determining the 
initial dosage outlined above. They were suffi- 
ciently frequent to make it obligatory that a 
physician administer the first dose of the drug 
and that an assistant follow the blood pressure 
response in order to arrive at a dose level that 
was safe for the particular case. When these 
precautions were taken severe collapse reactions 
have been avoided. 

After the effective dose had been determined, 
this amount was administered every 8 to 12 
hours by subcutaneous injection since shorter 
intervals between doses seemed impractical 
for chronic therapy of hypertension. The ini- 
tial dosage level seldom was effective beyond 
several days so that it was necessary to in- 
crease each dose by an amount of 5 to 15 mg. 
and further increases were made as necessary 
to a total of 50 mg. of the ion. Even larger 
doses have been used in occasional resistant 
cases. In such instances larger doses not only 
produced a greater but also a more prolonged 
reduction of blood pressure. 

In some patients, however, the hypotensive 
effect did not persist beyond six hours. In such 
cases various drugs were used in an attempt to 
maintain the hypotensive response, the most 
effective of which was 1-hydrazinophthalazine 
(C-5968)* given orally midway between the 
doses of C6. The initial dose of C-5968 was 
25 mg. and this was increased at intervals of 
24 hours by increments of 25 mg. until the 
patient manifested a significant hypotensive 
response or until side effects such as severe 
palpitation occurred. The effective dose of 
C-5968 usually varied between 50 and 150 mg. 
Like C6 this drug usually could not be given 
more often than every 12 hours without the 
appearance of side effects, particularly head- 


* Generously supplied by Frederick Yonkmann, 
M.D., Ciba Pharmaceuticals, Summit, N. J. 
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aches, as well as the development of tolerance. 
A complete description of the results obtained 
with C-5968 will be reported elsewhere." 


Resutts IN HYPERTENSIVE DISEASES 

Thirty-two patients have been treated for 
periods varying between one and five months. 
All except one were hospitalized prior to and 
at the onset of treatment. Fourteen of these 
‘ases exhibited malignant hypertension, two 
had chronic glomerulonephritis, while the 
remaining patients had varying degrees of 
sustained diastolic blood pressure of 110 mm. 
Hg or higher. The two patients with chronic 
glomerulonephritis and uremia exhibited re- 
ductions of blood pressure and temporary 
symptomatic improvement, but died within 
one and two months respectively of their 
uremia. 


Malignant Hypertension 


Of the 14 cases of malignant hypertension, 
six showed a good result following the use of 
C6, four exhibited remissions using C6 and 
C-5968 in combination" and four, three of 
whom had advanced renal failure, had a poor 
result.. All except one of these patients also 
were administered diets containing 200 to 500 
mg. of sodium per day. However, this probably 
was not necessary in all cases and in each pa- 
tient it was possible to demonstrate the hypo- 
tensive effect of hexamethonium in the results 
obtained. 


Case 1. R. D., a 52 vear old housewife, was first 
seen with malignant hypertension one year pre- 
viously. Treatment with a diet containing 200 mg. 
of sodium per day and Anatensol* resulted in a 
remission lasting approximately eight months. The 
malignant phase then gradually returned despite 
treatment and in November 1950 the patient once 
again exhibited marked neuroretinitis. The blood 
pressure, recorded three times daily either by the 
patient’s husband or a visiting physician, was rela- 
tively fixed at 250/140. There was weight loss from 
110 to 94 pounds, anorexia, nausea and vomiting, 
constant headache, and nocturia five to six times. 
‘he blood nonprotein nitrogen was 39 mg. per 100 


Hexamethonium was begun on Nov. 2, 1950, 
“3 mg. every six hours, with an immediate fall 


* Purified extract of veratrum ane E.R. Squibb 
‘ Sons, New York, N. Y. 


of blood pressure to approximate levels of 190/ 
120 (fig. 1). The dose was reduced to 25 mg. every 
12 hours, but because of elevations of pressure in 
the morning, the frequency of doses was increased to 
every eight hours. During the first two weeks there 
was severe obstipation, nausea, vomiting and faint- 
ness. However, all symptoms began to regress and 
within two months the fundi had cleared completely 
except for residual sears. After 14 weeks the num- 
ber of injections was reduced to two a day, but 
the dose was increased to 38 mg. with maintenance 
of reduced levels cf blood pressure (fig. 1). 

After five months of treatment with C6, the pa- 
tient had a good appetite and weighed 106 pounds. 
The nocturia, headaches and nausea disappeared. 
Following each injection of C6 she found it neces- 
sary to remain supine for one to two hours because 
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Fig. 1. Chart of the average arterial blood pressure 
and dosage of hexamethonium in case 1, R. D., a 
white woman, aged 52 years, with malignant hyper- 
tension. Each point in the chart of arterial pressure 
represents the average of at least 28 separate deter- 
minations, all being recorded with the patient in the 
supine position. See text for further details. 
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of the postural hypotension. Throughout treatment 
the blood pressure levels fluctuated, markedly drop- 
ping one-half to one hour after each injection and 
then slowly rising until the next dose of C6. Even 
after five months, during a singl> day it was not 
unusual for the recorded pressures to vary between 
160/95 to 210/130 mm. Hg. Because of persistent 
constipation, laxatives daily and enemas several 
times per week were required until Urecholine plus 
mild laxation were introduced. 

Case 2. T. M. a 52 year old man, was admitted 
with a blood pressure of 260/170. There was ex- 
tensive neuroretinitis with many hemorrhages and 
exudates in the fundi. The blood nonprotein nitro- 
gen was 48 mg. per 100 cc. The patient was placed 
on a 200 mg. low sodium diet and was given 10 mg. 
of C6 intravenously on the day of admission. Within 
five minutes after the drug had been given the blood 
pressure fell from 260/170 to 100/80 supine. Despite 
this sudden and profound hypotensive response the 
patient noted only a moderate sensation of faint- 
ness. When this dose was repeated every four hours 
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the blood pressure rose and, despite elevation of 
dosage to 25 and even 50 mg. repeated every four 
hours, the general level of blood pressure returned 
to nearly control values (fig. 2). The interval be- 
tween doses was then increased to 12 hours and this 
was followed by a fall in pressure to normotensive 
levels. After three weeks the blood pressure fell to 
80/60 and the patient complained of marked faint- 
ness. Hexamethonium was discontinued and the 
patient was given 1000 cc. of saline intravenously. 
He improved immediately, the blood pressure rising 
to 130/100. The sodium content of the diet was in- 
creased to 500 mg. per day. C6 was omitted for the 
next 10 days and the blood pressure gradually rose 


ARTERIAL PRESSURE - MM HG 
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Fic. 2. Chart of the arterial pressure and dosage of 
hexamethonium in case 2, T. M., a white man, aged 
52 years, with malignant hypertension. All blood 
pressures were recorded with the patient in the supine 
position. Note (1) the marked hypertensive response 
to a small initial dose of C6, (2) the apparent develop- 
ment of tolerance when doses were administered at 
frequent intervals, (3) the return of a significant 
hypotensive effect when the doses of C6 were 
separated by an interval of 12 hours, and (4) the typi- 
cal marked fluctuations of blood pressure during each 
day while under treatment. See text for further de- 
tails. 


to a level of 170/120. The drug was again given in 
doses of 10 mg. every 12 hours, the blood pressure 
falling to average values of 140/100, where it re- 
mained for the succeeding month. The hemorrhages 
and exudates disappeared from the optic fundi 
although slight papilledema still remained. At the 
end of the next month the papilledema had cleared 
completely, the nonprotein nitrogen was 36 mg. per 
100 cc. and the patient was ambulatory and felt 
considerably improved. 


Hypertension Other Than Malignant 


There were 16 patients in this group, of 
whom 10 exhibited a continued, average reduc- 
tion of blood pressure greater than 25 mm. Hg 
systolic and 10 mm. Hg diastolic. Of this 


number seven exhibited sustained reductions 
of average pressure varying between 40 and 
60 mm. Hg systolic, and six of these maintained 
reductions of diastolic pressure varying between 
20 and 40 mm. Hg. Two of the patients who 
had a good result exhibited grade III changes 
in the fundi; all of the others being grade II. 
Of the patients who exhibited a poor response, 
three exhibited grade III changes, two grade II, 
and one manifested grade I fundi. Thus, there 
was no relationship between the severity of 
the hypertension and the therapeutic result 
obtained. 

Some of the cases manifesting poor results 
were treated in the earlier stages of the inves- 
tigation. They were failures either because 
resistance to the hypotensive effects developed 
quickly, or the duration of the hypotension 
was brief or was insignificant in the supine 
position. Several of the more recently treated 
patients, who appeared to be resistant to C6 
alone, have exhibited a satisfactory hypoten- 
sive response when the dosage was raised and/ 
or when C-5968 was added to the treatment 
regimen.!® 


DIscussION 


The results obtained to date with the use 
of hexamethonium in the treatment of hyper- 
tension are in essential agreement with the 
prior observations of Smirk" and other in- 
vestigators.*-* The combined experience of these 
various studies leaves little doubt that hexa- 
methonium provides a method for reducing 
blood pressure in a large percentage of hyper- 
tensive patients, and that this reduction fre- 
quently is accompanied by relief of some of the 
signs and symptoms associated with the disease. 
The ability to induce a significant therapeutic 
response in 10 of the 14 cases of malignant 
hypertension either with C6 alone or in com- 
bination with a low sodium diet and/or C-5968 
represents in our experience a higher percentage 
of remissions than would be anticipated with 
other known methods of treatment. 

The advantages of C6 are its ability to pro- 
duce and to maintain for long periods a signifi- 
cant hypotensive response in a high percentage 
of patients, its rapidity of action and simplicity 
of administration. The disadvantages are (1) 
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the danger of severe hypotensive reactions due 
to injudicious dosage administration in the 
early phases of treatment, (2) the frequent 
development of constipation and occasionally 
paralytic ileus, and (8) the inability to obtain 
a stable level of hypotension throughout the 
24 hour period in many patients. Finally, 
unless the technic of administering oral therapy 
can be improved, the necessity for continued 
hypodermic injections imposes a hardship on 
the patient. Recent evidence suggests that 
large amounts of hexamethonium dichloride 
(0.5 to 2.0 Gm. of the ion) given as a single 
daily oral dose administered at bedtime may 
be more effective than divided oral dosage.!® 

The most dangerous of the “‘toxic”’ reactions 
is the extreme hypotension that may follow 
the initial dose of the drug. A fatality has been 
reported after C6'® and serious hypotension 
has occurred also following the less potent 
and shorter acting ganglionic blocking agent, 
tetraethylammonium.” In both of these re- 
ported cases, epinephrine was used to combat 
the hypotension. Epinephrine has a vasodilator 
component and, after the pressor response has 
subsided, the blood pressure does not fall 
directly to normal, but rather there is a period 
of hypotension.'® Epinephrine also induces 
marked vasodilation in skeletal muscle!® and, 
in contrast to norepinephrine and related drugs, 
produces a decrease rather than an increase in 
total peripheral resistance.?° In addition, the 
ganglionic blocking agent tetraethylammonium 
increases the sensitivity of the myocardium to 
epinephrine-induced arrhythmias in dogs under 
cyclopropane anesthesia." As a result of 
their study, Stutzman and his co-workers?! 
concluded that ‘epinephrine is contraindicated 
as a pressor agent after tetraethylammonium 
chloride.” They recommend that phenyl- 
ephrine (Neosynephrine) be used for this pur- 
pose. 

The most successful and the safest procedure 
for treating the collapse reactions following 
the administration of C6 was to elevate the 
foot of the bed in order to maintain the cerebral 
circulation. In addition, further elevation and 
passive exercise of the lower extremities facili- 
txted diversion of blood into the central circu- 
lation. :: 


These severe hypotensive responses almost 
always occur only after the initial injection. 
Hence, if care is used at this time such reac- 
tions should be avoidable. Since we have uti- 
lized the method of administration outlined 
in the “dosage adjustment” section of this 
paper, severe collapse reactions have not been 
encountered. The importance of determining 
the effective initial dose in each case is empha- 
sized by the observation that one patient ex- 
hibited a significant hypotensive response after 
only 3 mg. of C6 ion had been administered 
intravenously. If 5 or 10 mg. had been injected 
the patient almost certainly would have had 
a severe hypotensive reaction. On the other 
hand some cases have exhibited little hypo- 
tensive response in the supine position after 
an initial dose of 50 mg. 

The concomitant administration of a para- 
sympathomimetic agent to alleviate the con- 
stipation, ileus, dry mouth and difficulty in 
urination produced by C6 represents one ap- 
plication of the general principle of circum- 
venting undesirable side effects by utilizing 
antagonistic pharmacologic agents which, how- 
ever, do not interfere with the desired thera- 
peutic action. Since parasympathomimetic 
agents have vasodilator properties they may 
be expected to enhance the hypotensive effect 
of C6. 

The therapeutic regimen of alternating 
doses of C6 and C-5968 also seems representa- 
tive of another principle of hypotensive drug 
therapy. In our experience all vasodepressor 
agents produce varying degrees of tolerance. 
By utilizing alternately agents with different 
loci of action the development of tolerance to 
any single agent may be considerably delayed. 

Smirk has taught his patients to self-ad- 
minister hexamethonium by injection in the 
home."* This procedure has been applied suc- 
cessfully in the present study, and, in addition, 
in many instances a member of the family or 
the patient has been taught to record the blood 
pressure. By such frequent measurements of 
arterial pressure under varying conditions a 
far more precise indication of the effect of 
treatment has been obtained. 

It should be emphasized that the results of 
treatment with C6 reported herein are of a 
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preliminary nature since none of the patients 
have been treated continuously for longer than 
five months. In addition, the most effective 
method of administering the drug or of com- 
bining it with other hypotensive procedures 
cannot be considered to be finally settled. 
Finally, because the method of administra- 
tion outlined herein requires repeated hypo- 
dermic injections and frequent observation of 
the patient, at least in the initial phases of 
treatment, it would seem to be indicated only 
in the more severe and resistant cases of 
hypertension. 


SUMMARY AND CONCLUSIONS 


Hexamethonium has been administered con- 
tinuously for periods of one to five months by 
subcutaneous injection to a series of 32 hyper- 
tensive patients with the following results: 

1. In 14 cases of malignant hypertension, 
six have undergone a remission of the malig- 
nant phase while four others have exhibited 
remissions with the addition of 1-hydrazino- 
phthalazine (C-5968) administered orally mid- 
way between the doses of C6. Four patients, 
three of whom had advanced renal failure, did 
not respond to C6 alone or in combination with 
other drugs. Two additional patients who had 
advanced chronic glomerulonephritis exhibited 
hypotension and symptomatic improvement 
but died of progressive uremia. 

2. In 16 patients with less severe degrees of 
sustained hypertension, six have shown sus- 
tained reductions of arterial pressure after 
hexamethonium alone, four have responded toa 
combination of C6 and C-5968 while six others 
failed to maintain a sustained hypotensive 
response. Most of the latter cases were treated 
in the early stages of this investigation when 
the doses were too frequent and too small. 

3. The effective hypotensive dose of C6 ion 
by subcutaneous injection varied between 10 
and 100 mg. Small doses usually lowered the 
blood pressure after the initial injection but 
gradually increasing doses were required over a 
period of days or weeks to attain a stable ef- 
fective dosage level. C6 was administered at 
intervals of 8 or 12 hours. 

4. Undesirable reactions consisted of (1) 
occasional severe reductions of blood pressure 


occurring almost entirely only after the initial 
injection of C6, (2) postural hypotension 
diminishing in severity with prolonged treat- 
ment, (3) gastrointestinal atony producing 
constipation occasionally with paralytic ileus 
and, rarely, (4) difficulty in urination. Methods 
for circumventing most of these reactions are 
described. 

5. Hexamethonium administered orally in 
doses up to 1.0 Gm. of the ion to a few patients 
appeared to be less effective and more unpre- 
dictable than parenteral administration. 

6. The most effective and best tolerated 
treatment for the largest number of hyper- 
tensive patients was the following: (1) paren- 
teral administration of C6 at intervals of 12 
hours in doses of 10 to 75 mg. of the ion de- 
pending upon the patient’s response, (2) oral 
ingestion of 50 to 150 mg. of C-5968 midway 
between the doses of C6 and (3) a diet con- 
taining 200 to 500 mg. of sodium per day. 


ADDENDUM 


After 10 months of continuous treatment all the 
cases in this series who had responded favorably are 
maintaining a significant hypotensive effect and they 
remain clinically improved, except for one. patient 
with malignant hypertension who died suddenly due 
to a coronary occlusion. In some cases it has been 
necessary to elevate dosages to as high as 150 mg. of 
C6 ion in order to overcome tolerance but this has 
been accomplished without adverse side effects. 
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The Effect of 1-Hydrazinophthalazine 


in Hypertension 


By Henry A. ScHroeper, M.D. 


The compound 1-hydrazinophthalazine appears to be be an antihypertensive drug of only 
moderate potency. Based on experience with 50 cases of arterial hypertension, it was found most 
effective in patients with unsuccessful sympathectomy, malignant hypertension, and neurogenic 
hypertension. It was relatively ineffective in renal hypertension and in a group of miscellaneous 
conditions. Chronic administration by mouth in outpatients was feasible. 


NEW compound, 1-hydrazinophthala- 
zine (C-5968), has been shown by 
Reubi' to cause hemodynamic effects 
which suggest that it may act as an antihyper- 
tensive agent. After single doses effective renal 
plasma flow was increased, while blood pressure 
was moderately lowered in hypertensive pa- 
tients.' Freis and Finnerty? found that the cold 
pressor test was modified by the drug, as well 
as the vasopressor “overshoot”’ following the 
Valsalva maneuver. Pulse volume in digits also 
increased. Grimson and his co-workers’ failed 
to demonstrate sustained effects on repeated 
administration. 
i-Hydrazinophthalazine is the basic struc- 
ture (fig. 1) for several substituted compounds 
which have the peculiar pharmacologic prop- 
erties of increasing renal and femoral blood flow 
in the dog and rabbit while lowering blood 
pressure,‘ a characteristic not enjoyed by most 
other circulatory depressants. The drug is sym- 
patholytic in some animals in that it antago- 
nizes the pressor action of epinephrine*; that 
of hypertensin is also blocked.*: * In man, nor- 
epinephrine may be partly opposed. There is 
suggestive evidence that the depressor effect 
occurs through action on the hind or mid- 
brain.*: ®§ Methyl and benzene substituted com- 
pounds appear to differ but little. 


From the Hypertension Division, Department of 
Internal Medicine, Washington University School of 
Medicine, and Barnes and City Hospitals, St. Louis, 
Missouri, under a grant-in-aid from the National 
Heart Institute, United States Public Health Serv- 
ice. 

Presented at the Twenty-fourth Annual Scientific 
Session of the American Heart Association, Atlantic 
City, N. J., June 8, 1951. 
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In October, 1949, an investigation of the 
effects of chronic administration of C-5968 to 
renal hypertensive dogs was initiated. The drug 
was given intravenously in doses of 10 mg. 
every day or every other day. This regimen 
resulted in partial or complete control of hy- 
pertension without causing nitrogen retention, 
loss of weight, or other demonstrable toxic re- 
actions.® 

The characteristics of a true antihypertensive 
drug include the ability to lower blood pressure 
(a) without affecting the myocardium ad- 
versely, (b) without decreasing renal blood flow, 
and (c) without altering blood volume or vis- 
cosity. Because C-5968 appeared to have the 
pharmacologic properties of (a) and (b), was 
relatively nontoxic in dogs and rabbits, and 
could be administered by mouth, an investiga- 
tion of its chronic therapeutic properties in 
hypertension has been conducted on 50 selected 
patients. This study was begun in September, 
1949, and has been reported in abstract form 
elsewhere." The present report deals with the 
effects on blood pressure and other functions 
clinically measurable. 


METHODS 


Fifty patients were selected from the wards of 
Barnes and St. Louis City Hospitals and from the 
Hypertension Clinic of Washington University. An 
attempt was made to obtain as many different 
types of hypertension as possible, both of the es- 
sential and malignant varieties, and those secondary 
to renal diseases. In hospital, blood pressures were 
recorded in the supine position at four-hourly in- 
tervals by members of the nursing staff; those of 
outpatients were measured once daily by the same 
physician at approximately the same hour, after 
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5 to 10 minutes rest in the supine position and then 
immediately upon standing. The control periods 
varied widely; all hospitalized patients were ob- 
se: ved at least one week prior to administration of 
the drug, and all measurements of blood pressure 


» were recorded in the calculations. Outpatients usu- 
all had been followed for one to four years at 


intervals of two to three months. Placebos re- 
ser ibling the drug exactly were substituted for it 


_ without the patient’s knowledge unless there was no 
| doubt that the effects observed were real and not 


psychogenic (in the more severe cases, for example). 


| Hospitalized patients were not informed that the 
> drug was given for hypertension. 


\ll blood pressure measurements were considered 
to be “casual” in the sense that no concerted attempt 


' was made to obtain “basal” readings. Therefore 
the results were evaluated by including the highest 
» and lowest single values recorded and the averages 


' of all made during the pretreatment period, the 
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' period of administration of the drug, that of ad- 


ministration of a placebo, and subsequent periods. 
This method of analysis, while severe, permitted 
comparisons of extremes as well as of means. De- 
cline of average diastolic pressure of 20 mm. Hg or 
more from control values was considered a sig- 
nificant change. 

\-Hydrazinophthalazine (C-5968) and a deriva- 
tive, 4-methyl-l-hydrazinophthalazine (C-6130) 
were administered in doses of 50 to 150 mg. every 
four to six hours in hospitalized patients, and three 
to five times a day to outpatients. Variability of 
individual tolerance was encountered early in the 
study, the extremes of dosage being 75 to 900 mg. 
per day. No attempt was made to give more than 
900 mg. All drugs were given by mouth. 

The additive effect of the drug with other forms 
of therapy, such as lumbodorsal sympathectomy and 


restriction of sodium chloride, was evaluated in 


nine patients. Any regimen on which the patient 
had been placed was not changed during admini- 


> stration of the drug. In two instances Veriloid was 


used in conjunction with C-5968. No sedatives 
were employed. 

There were several purposes for the present study. 
First, the antihypertensive properties of the drug 


) and its limits were investigated. Relatively short 


periods of administration in hospital (10 to 30 days) 
were adequate to decide whether or not blood pres- 
sure could be maintained at lower levels without 
deleterious renal, cardiac or cerebral effects. Second, 
the toxicity and side action were evaluated. Third, 
the aetion following lumbodorsal sympathectomy 
an with other forms of therapy was studied, again 
requiring relatively short periods of observation. 
Fourth, a practical clinical experience with out- 
patients was obtained in order to assess long-term 
therapeutic possibilities; daily observations of a 
few patients for three to eight months were made. 


HENRY A. SCHROEDER 


RESULTS 


1. Antihypertensive Properties. Significant 
sustained lowering of diastolic pressure of 20 
mm. Hg or more occurred during administra- 
tion of 1-hydrazinophthalazine in 6 of 16 patients 
observed in hospital. All of these patients were 
suffering from uncomplicated arterial hyper- 
tension in the benign phase. In four the average 
change was more than 30 mm. Renal function 
as measured by the excretion of phenol red or 
the clearance of urea was not depressed. In no 
case were strictly normotensive levels main- 
tained. In five other patients average diastolic 
pressure fell 15 mm. Hg or more. 





NH NH, HCI 


Fic. 1. Basie structure of 1-hydrazinophthalazine. 
In C-5968, R is hydrogen; in C-6130, R is a methyl 
group. Other derivatives untested so far in hyper- 
tension include those in which R isa hydrazine group. 


In malignant hypertension without nitrogen 
retention the drug appeared to have a more 
pronounced action than in severe benign hy- 
pertension. Given to three patients, it lowered 
diastolic pressure considerably, and these lower 
levels were maintained as long as it was given. 
Occasionally, relatively acute and severe de- 
pression was followed by what seemed to be 
tolerance, blood pressure then being main- 
tained at levels lower than those of the control 
period but considerably higher than the lowest 
values reached. Malignant hypertension with 
uremia (six cases) was also remarkably sus- 
ceptible to the action of the drug. In two 
instances patients who were mentally depressed 
became comatose as the blood pressure fell and 
in two others neurotic episodes developed. 
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The combined results are given in table 1. 
Albuminuria diminished or disappeared in 14 
of 15 patients. Adverse electrocardiographic 
changes were not evident; paroxysmal noctur- 
nal dyspnea was relieved in three patients with- 
out the use of digitalis. Regression of hemor- 


TABLE 1.—Effect of C-5968 on Various 


Fall of Average Diastolic 
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symptoms suggestive of liver disorder. Electro- 
cardiographic abnormalities were not found. 
Side reactions to the drug were seen on first 
administration in 22 of 50 patients. Headache, 
of the type commonly experienced as a symp- 
tom of hypertension, was induced by the first 


Types of Hypertension 


P.S.P. Excretion 


Pressure mm. Hg Albuminuria in 15 minutest 
typeattirenenin SS Sse Dopdteciers 
dee — .~°-_ |No. De- 
30 21-30 11-20 11 Cases Im- | Cases ronan 
Studied proved |Studied 
Hospital Patients 
Benign Uncomplicated. 16 4 2 5 5 2 2 1 0 | O/1, B/2;.2/4,.44 
1/9 
Malignant 
Without N retention 3 2 1 — ~- 2 2 2 0 ahi. is/Z 
With N retention 6 3 3 5 5 Z 0 4/2. 1/3, 1/13 
Postsympathectomy 7 2 5 2 2 1 0 | 2/2, 1/3, 2/5, 1/13, 
1/31 
Cardiac Failure 3 | 1 2 1 1 1 0 1/1, 2/2 
Glomerulonephritis 2 2 1 0 — — | 1/1, 1/2 
Pyelonephritis. . 2 2 — — — — 1/2, 1/4 
Arteriosclerosis 3 2 1 — — — , 2/1,1/4 
Outpatients 15 
Benign Uncomplicated 12 1 9 2 2 2 1 O | 4/1, 1/2, 1/4, 1/9, 
2/13, 1/19, 1/23, 
1/31, 1/33 
Postsympathectomy 3 1 2 — — — — 1/11, 1/13, 1/31 
Totals. 57* 13 | 22 12 |10' 15 14 8 0 


* Seven cases were seen both in hospital and 
+ After intravenous injection. 


rhages, exudates and papilledema in the ocular 
fundi occurred in four instances, but could not 
be attributed directly to the action of the drug. 
Little or no action was demonstrated in two 
patients with hypertension secondary to 
chronic glomerulonephritis and in three with 
congestive heart failure. In fact, blood pressure 
tended to rise in a case of the former, the only 
time an adverse effect was noticed. 

2. Toxic Reactions. No serious chronic toxic 
manifestations were encountered in patients 
receiving 1-hydrazinophthalazine for periods of 
as long as eight months. These studies are con- 
tinuing. Depression of red or white blood cells, 
evidence of renal damage, chronic gastrointes- 
tinal disturbances, or other severe manifesta- 
tions were not seen. Careful studies of liver 
function were not made, as no patient presented 


as outpatients. 


TaBLE 2.—Toxicity and Side Actions of C-5968 in 
Fifty Patients 


e No. Times 
a No. Times | Disappeared 
Symptom Encountered | On Con- 


tinuing Drug 


Postural Hypotension. . 45 38* 
Headache 
Mild..... re te 8 8 
DI Je siod's hase S08 4 4 
eee 10 6 
Nausea and Vomiting 11 9 
Tachycardia. . 50 50 


Angina Pestoris.............. 1 0 


Cerebral Symptoms.. . ; 7 5 
Numbness and Tingling of Ex- 
tremities. .. , She ins 4 O+ 


* Became less but did not disappear. 
+ Disappeared in a few days on discontinuing 
drug. 
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fev doses in 22 subjects, and was severe enough 
to cause discontinuance in four. The headache 
wos frequently controlled by Dramamine. Rais- 
in the level of dosage appeared to cause head- 
ache to recur. If the drug was continued, the 
headache disappeared in all but four 
(ti ble 2) within two to five days. 

lachyeardia was common during the first 
few days, disappearing as the drug was con- 
tinued. Postural hypotension, which might be 
marked at first, regressed considerably but re- 
mained during the administration. Nausea and 
vomiting were present in 11 cases, also disap- 
pearing in a day or two in nine. 

When hypertension was severe, cerebral 
symptoms often accompanied the fall in blood 
pressure, usually disappearing later. These 
ranged from mild anxiety or depression, to 
acute anxiety states or severe depression and 
coma. They occurred in seven subjects, re- 
gressing in all but two who were severely 
uremic and who remained in coma. 

3. Combined Action with Other Forms of Ther- 
apy. After lumbodorsal sympathectomy 1-hy- 
drazinophthalazine was found to exert a much 
more pronounced effect than before the opera- 
tion. Séven patients were studied. Postural 
hypotension became so marked that dizziness 
in the upright position could readily be induced. 
The effects upon supine blood pressure were 
variable. During the month after operation, 
when the blood pressure had risen to relatively 
high values, normotensive levels could be con- 
tinuously maintained in two subjects. In the 
remainder, who had had relatively unsuccessful 
sympathectomies one to four years previously, 
the effect was often considerable; standing 
blood pressure could be maintained at normal 
levels, although that in the supine position 
remained moderately elevated. 

The drug was given to two patients who 
were on diets severely restricted as to salt. The 
results were quite favorable, and indicated in- 
creased susceptibility during salt restriction or 
rve diet. Veriloid was added to C-5968 in two 
C.ses; temporary but not sustained hypotensive 
kvels were obtained. The combination of 
( -5968 with Priscoline or Regitine did not re- 
silt in enhancement of the effect of either. 

t. Clinical Trial on Outpatients, Fifteen pa- 


*ases 
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tients suffering from benign arterial hyperten- 
sion of various degrees of severity were given 
C-5968 or C-6130 for one to eight months; 
blood pressures, reclining and standing, were 
recorded six days a week. Placebos or no medi- 
‘ation were given for short periods. Three pa- 
tients refused the drug after three days because 
of headache, dizziness and faintness; all were 
in mild stages of the disease. Five others gave 
up the medication voluntarily after 2 to 10 
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Fig. 2. Curve of average blood pressure of E. M., 
a 41 year old woman with severe hypertension unre- 
lieved by sympathectomy three years previously. 
The crosshatched areas represent the extremes of 
systolic and diastolic pressure recorded during the 
entire observation of the patient prior to therapy 
with C-5968 with the exception of the immediate 
postoperative period; the horizontal lines are the 
average levels for this period. The shaded areas 
represent the postural fall in the erect position. 
Placebo administration is indicated by an X, the 
administration of enteric coated capsules by Ent. C., 
C-5968 by the solid blocks, and C-6130 by the open 
block. All readings were made on an outpatient basis. 


weeks, usually because of the difficulty of mak- 
ing daily visits. Seven continued to accept treat- 
ment and three became dependent upon it. The 
results are shown in table 1 and figures 2 and 3. 

The actions of C-5968 and C-6130 were com- 
pared in 10 subjects. No differences were de- 


tectable by these studies. Enteric coated tablets 
of the C-5968, given to six patients, either 
‘caused effects similar to those seen with ad- 
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Fic. 3. A. (Upper Chart) Effect of 1-hydrazinophthalazine in a 47 year old Negro woman with 
moderately severe benign hypertension of the endocrine type. Notations same as figure 2. Albuminuria 
of slight degree disappeared two weeks after therapy was begun but reappeared when it was stopped, 
only to disappear again on resumption of therapy. Renal function was not disturbed from low normal 
levels. Headache of moderate intensity disappeared. When minimal doses of Veriloid were given in 
addition, marked unsustained lowering of blood pressure occurred. Note the relatively small pos- 
tural fall of systolic pressure and the rise of diastolic, indicated by the absence of shading. The con- 
trol areas represent three years’ observation. 


B. (Lower Chart) Same in a 39 year old Negro woman with relatively mild hypertension. The 
postural systolic fall was greater, and lower levels were sustained which were sometimes at normal 


levels. Normal renal and cardiac function were unchanged. The control areas represent three years 
observation. 

















ministration of placebos or produced only mini- 
nial changes in blood pressure. 

5. Comparative Effects in Different Types of 
Hypertension. Patients were classified accord- 
ing to methods and criteria previously de- 
s-ribed’® and the effects of the drug evaluated 
i each type. In general, it appeared that the 
most pronounced effects occurred in neurogenic 
hypertension, some cases of malignant hyper- 
tension and those who had had lumbodorsal 
sympathectomy; minimal changes were seen 
in severe renal hypertension with good renal 
function. A comparison of the relative effective- 
ness of C-5968 is shown in figures 4 to 8. 

Discussion 

The pharmacology of 1-hydrazinophthalazine 
and 4-methyl-1-hydrazinophthalazine is shown, 
in so far as is known, in table 3. It is obvious 
that these compounds have actions of a type 
not. enjoyed by other known depressor agents. 
Evidence for a ‘“‘sympatholytic” nature is equi- 
vocal and apparently dependent upon dosage 
and species. The site of action is not known; the 
blood pressure of “‘spinal’’ cats and dogs is not 
lowered by the drugs, suggesting an action on 
the vasomotor centers or hypothalamus.! How- 
ever, they may be considered autonomic block- 
ing agents of a speciai and hitherto undescribed 
type, as evidenced by their ability to inhibit 
the pressor response to pain (cold pressor test) 
and to the Valsalva maneuver. The effects are 
not due to sedation, not due to direct action on 
smooth muscle, and are not primarily periph- 
eral.}8 

The action of these drugs on blood pressure 
and renal blood flow are of paramount impor- 
tance to the problem of hypertension. Any 
substance which lowers blood pressure without 
causing diminution of renal blood flow is of 
interest. The present drugs apparently exhibit 
just this action. Being relatively nontoxic, they 
c:n be administered for several months to pa- 
tents suffering from arterial hypertension of 
crtain types and varieties with the expectation 
tiiat the blood pressure will be lowered without 
‘leterious renal effects. It can be assumed that 
thereby some of the damage to the cardiovas- 
cular system resulting from sustained high ar- 
terial pressure may be partially prevented. 
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There is little evidence, however, that the pres- 
ent investigation represents much more than 
a therapeutic tour de force. Convincing data 
that life was prolonged by the drug was present 
in only two patients in whom considerably 
diminished renal function, severe retinitis, and 
severe hypertension all regressed remarkably 
after two to three months’ treatment. Several 
years of continuous therapy in a large number 
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Fic. 4. Typical acute response of the average 
blood pressure in malignant hypertension to the 
administration of 1-hydrazinophthalazine. A. P. was 
a 49 year old engineer with severe, relatively acute 
malignant hypertension of one months’ duration 
engrafted upon an elevated blood pressure for five 
years. The nonprotein nitrogen in his blood was 
slightly elevated, his renal function severely de- 
pressed (PSP less than 5 per cent excreted in 15 
minutes) and there was 3 plus albuminuria. He wes 
totally blind in his left eye, partially so in his right, 
due apparently to papilledema and marked hemor- 
rhagic and exudative lesions in his ocular fundi. Sub- 
sequent to the period shown continuous therapy was 
instituted for two months; his blood pressure re- 
mained at slightly elevated levels, his vision partly 
returned, his albuminuria diminished and his renal 
function became more normal (PSP 15 per cent ex- 
creted in 15 minutes). Observations were made in 
hospital. 


of patients may be necessary to evaluate long- 
term benefits, if any. 

Although no chronic toxic manifestations 
were observed, undoubtedly some will appear 
with wider use of these drugs. It will then be 
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Neurogenic 


Diastolic 
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Fic. 5. Effect of 1-hydrazinophthalazine in neurogenic hy pertcnsicn. The bars represent the 
extremes of systolic and diastolic pressure, the horizontal lines through them the means. The cross- 
hatched bars indicate the control periods, and include all measurements recorded up to four years 
prior to therapy. The solid bars indicate the periods of treatment, and the open bars those during 
which a placebo or no medication was given subsequent to treatment. The numbers show the number 
of days of therapy from which the blood pressure measurements were taken; a plus sign indicates 
outpatients. (S) after the initials in the bottom row means that the patient has had lumbodorsal 
sympathectomy. All measurements were made in the supine position. Note the relatively good re- 
sponse in most of the members of this group, except D.B. and E.B. 


Malignant 


Systolic 


Diastolic 
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Fic. 6. Effect of 1-hydrazinophthalazine in malignant hypertension. Notations same as figure 5. 
The X above the initials indicates that the patient died during observation. Note the relatively 
good response in this group, with the exception of A.H., who died of a cerebral hemorrhage during 
treatment; his blood pressure while standing was controlled at normal levels, but when supine it 
remained high. All measurements were made in the supine position in hospital. 
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necessary to assess them against possible thera- 
peutic value. In almost every case foreign un- 
nitural chemicals introduced into the human 
body have resulted in toxic reactions. Evidence 
for this drug resembling a naturally occurring 
substance is lacking. 


JM HAS) EH MF. co. Vi 


Fic. 7. Effeet of 1-hydrazinophthalazine in renal 
hypertension; the group included those with nephro- 
sclerosis as well as those with organic renal diseases. 
Notations same as figure 5. Note the relatively poor 
response in all but L. P., and V. H. 


Miscellaneous 


Diastolic 


AC. MG. ER. 


Endocrine 


Heart Failure 


The side actions of these drugs are usually 
not serious enough to contraindicate a thera- 
peutic trial. The headache, which may be se- 
vere, is probably not due to direct action of the 
drugs, but may be an indirect result of the 
lowered blood pressure and may be caused by 
the release of histamine. Typical headaches 
can be induced both by the drugs and by his- 
tamine, may be accompanied by stuffiness of 
the nose, watering of the eyes, and injection of 
the conjunctivae and can often be relieved by 
antihistaminic agents. The fact that they usu- 
ally disappear while the drugs are being given 
is good evidence against their being drug-in- 
duced. Tachycardia and postural hypotension 
may also diminish as blood pressure becomes 
stabilized at lower levels, although the latter 
usually persists in mild degree; these are prob- 
ably direct actions of the drugs. Nausea, 
vomiting and the occasional abdominal cramps 
and desire for defecation experienced by a few 
individuals may represent signs of autonomic 
imbalance induced by the drugs, especially as 
their symptoms were seen more often in pa- 
tients who had been subjected to sympathec- 


Av. Decrease ie 
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Fic. 8. Effect of 1-hydrazinophthalazine in miscellaneous typesof hypertension. Notations same as 
figure 5. The response in the three with cardiac failure, the two with glomerulonephritis, and two of 
the four with the endocrine type is poor. This chart, and the preceding three, show individual data 
on 44 of the 50 patients treated. The remaining six were not charted but included in the tables. 
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tomy. The onset of angina pectoris in one 
individual was a serious complication, but one 
to be predicted when coronary arterial sclerosis 
is advanced but is compensated for by diastolic 
hypertension. Because of the occurrence of se- 
vere hypotensive episodes shortly after the 
beginning of treatment in two patients with 


considerably more effective shall the present 
study prove valuable. The treatment of renal 
hypertension remains unsolved. 


SUMMARY AND CONCLUSIONS 


Fifty patients suffering from arterial hyper- 
tension of various types were given 1-hydrazino- 





TaBLE 3.—Pharmacologic Actions of 1-Hydrazinophthalazine and 4-Methyl-1-hydrazinophthalazine 


Function | Rat 


Reduced! 
Reduced 
No Effect® 


Blood Pressure 
Hypertension....... 
Respiratory Rate 
Renal Blood Flow 


Femoral Blood Flow 
Digital Blood Flow.... 
Heart Rate Increased® 
Isolated Heart 
Coronary Flow..... 
Amplitude......... 
Abolition of Pressor 
sponse of: 
Epinephrine......... 3] Mies Yes 
Norepinephrine No 
Ephedrine. ...... ine No 
Angiotonin........ 
TORN Force eth es beled No 
Pituitrin No 
Valsalva ‘‘overshoot’’. . 
Cold Pressor Test.... 
Response of Nictitating 
Membrane to Epineph- 


rine... ; Diminished 


Smooth Muscle of Intestin 
Respiration of Organ Slices.| No Effect® 
Oral LD/100 Gm./Kg. .. 0.3 


Nore: Numbers refer to references in bibliography. 


malignant hypertension, it is our practice to 
initiate therapy slowly, with gradually increas- 
ing doses, preferably in hospital or, at the very 
least, under daily observation. 

These two members of the hydrazinophtha- 
lazine group are the most effective agents 
against hypertension so far encountered for 
practical clinical use and represent true anti- 
hypertensive drugs. They do not, however, 
provide a therapeutic answer to this pressing 
problem; their effects are only partial. Only 
insofar as they may lead to further develop- 
ments along the present line which will be 


Reduced 


Sl. Increase 


Increased 


Increased 


Increased 


Decreased 


No Effect® 


Dog Rabbit Man 


Sl. Reduced!: 3 
Reduced® 
Sl. Increased’ No Effect 
Increased! 
Filtration  Frae- 
tion Decrease 


Reduced?!: 7 
Reduced® 
No Effect5 


Increased‘ 


Reduced 


Increased‘ 

Increased’ 

Increased Tempo- 
rarily!: 3, 5 


Increased‘: 5-7 Inereased 


Increased 
Decreased 


No ECG Changes‘ 
No Effect® 


No’ 
Moderate® 


No Effect 


phthalazine and/or 4-methyl-1-hydrazino- 
phthalazine by mouth for periods of 1 to 40 
weeks. Significant lowering of average diastolic 
blood pressure of 20 mm. Hg or more resulted 
in 35 instances, but in only a few of the mildest 
cases were normotensive levels sustained. The 
changes were not accompanied by deleterious 
effects upon kidneys or heart. These agents 
therefore represent true antihypertensive drugs 
of moderate potency. 
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ADDENDUM 


Experience with this agent in an additional 20 
pstients has confirmed the present observations. No 
other evidences of chronic toxicity have appeared. 
Ir three cases, high fever without evidence of infec- 
tion developed during administration of C-5968, re- 
gressing spontaneously; two of these patients had 
shown signs of previous cerebral damage. The fever 
was believed to be of central origin. Patients receiv- 
ing this drug continuously for as long as 11 months 
have shown no signs of toxicity; blood counts and 
studies of liver function have remained normal. 
Tolerance to the drug has developed in several in- 
stances; discontinuance for a few days has restored 
susceptibility. 
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The Effects of the Valsalva-like Maneuver 
upon the Circulation in Normal Individuals 
and Patients with Mitral Stenosis 


By H. Gotpsere, M.D., E. I. Evissere, M.D., ano L. N. Karz, M.D. 


A Valsalva-like maneuver was performed during cardiac catheterization by a normal group of 
individuals and a group of patients with acoustic evidence of mitral stenosis. The latter group 
was subdivided according to its response to the maneuver. The mild group, like the normal group, 
showed an “overshoot” of blood pressure and a bradycardia in the post-straining period, whereas 
the severe mitral stenosis group did not. The relatively undisturbed dynamics of the mild mitral 
stenosis group, in contrast to the marked disturbance in the severe group, was felt to be due to 
the amount of obstruction at the mitral valve. Additional data from the cardiac eatheterizations of 
these patients is presented to substantiate this concept. This simple maneuver may prove to be a 
bedside method for the evaluation of the dynamic significance of mitral stenosis. 


HE DYNAMIC effects of mitral stenosis 
have been the subject of many investiga- 
tions. The circulatory disturbances pro- 
duced by it have long been known, chiefly 
through animal experimentation.':* Recently, 
data accumulated by means of right heart 
catheterization have confirmed and expanded 
these observations.’ Clinically, patients with 
mitral stenosis may be seen with little, if any, 
changes in their cardiovascular systems. With 
the possibility of surgical intervention, the 
need of assaying the magnitude of the stenosis 
has become obvious recently. This was recog- 
nized some years ago, when it was pointed out 
that the mitral valve area must be reduced at 
least 50 per cent in animals before its diverse 
effects upon the systemic circulation become 
evident.! Attempts have been made in man by 
elaborate formulas to arrive at a similar judg- 
ment.’ The simple method of measuring the 
stenotic index suggested by this department 
for pulmonary stenosis® may also be applied 
to mitral stenosis. 
In the course of a recent investigation of the 
relationship of respiration to cardiovascular 
dynamics, we studied the effects of a Valsalva- 
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like maneuver upon the circulation. The re 
sponse in patients with dynamically significant 
mitral stenosis was distinctly different from 
the response in patients with lesions of little or 
no dynamic significance and in normal indi- 
viduals. These observations suggest that this 
Valsalva-like maneuver with certain simple 
measurements might be a useful adjunct in 
establishing the dynamic significance of a 
deformed mitral valve. The present report 
bears on this promising lead. 


MATERIAL 


The individuals comprising this study were se- 
lected from the Cardiac Clinie and Medical Wards 
of the Michael Reese Hospital. A complete history 
and physical examination was taken on each patient 
and examination by fluoroscopy, roentgenograms 
and electrocardiograms was included. 

The individuals were divided into three groups: 
normal, mild mitral stenosis and severe mitral ste- 
nosis. The significant data are assembled in table 1. 

1. Normal. Each of the three individuals in this 
group, cases 1, 2 and 3, 22, 26 and 34 years of age 
respectively, was considered to have a normal cardio- 
respiratory system. 

2. Mitral Stenosis (Mild), Group 1. The three 
patients of this group had acoustic evidence of 
mitral stenosis. However, their resting pulmonary 
artery pressures, their response to exercise and to 
the Valsalva-like maneuver, showed that the mityal 
lesion had little effect on the cardiodynamies (table 
1). These patients, cases 4, 5 and 6, 19, 30 and 35 
years of age respectively, had known mitral lesions 
for one and one-half to five years. There were | 
known rheumatic episodes in childhood, though e:s 
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t had joint symptoms one year prior to cardiac 
catheterization. Case 5 had a mitral valvulotomy 
-everal months before the postoperative catheter- 
ization reported here. Case 4 was completely symp- 
tom free, cases 5 and 6 showed dyspnea only on 
;rolonged exertion. (In case 5 there was a con- 
-iderable improvement from his clinical state before 
salvulotomy.) All patients had acoustic evidence 
of mitral stenosis, and case 4 had, in addition, 
scoustic evidence of mitral insufficiency and aortic 
regurgitation. Cases 4 and 5 showed only left auric- 
ular enlargement on fluorcscopy. In addition to 
this, case 6 showed slight enlargement of the out- 
flow tract of the right ventricle. The electrocardio- 
grams in this group were within normal limits. 

3. Mitral Stenosis (Severe), Group 2. The four 
patients of this group, cases 7, 8, 9 and 10, 22, 23, 
33 and 39 years of age respectively, had mitral 
disease with evidence in their resting pulmonary 
artery pressures and in their response to exercise 
and to the Valsalva-like maneuver which suggested 
a valve lesion severe enough to have led to demon- 
strable cardiodynamie alterations (table 1). Cases 
8, 9 and 10 had had known episodes of rheumatic 
fever in childhood, and case 7 was known to have 
mitral stenosis for four years. Cases 8 and 9 had 
dyspnea on moderate exertion. Cases 7 and 10 had 
had episodes of congestive heart failure, and were 
dyspneic on slight exertion. However, none of these 
patients was in congestive heart failure at the time 
of this study. Acoustic evidence of mitral stenosis 
was present in all cases. In addition, case 9 showed 
acoustic evidence of aortic valvular deformity. Flu- 
oroscopy revealed gross cardiac enlargement, in- 
cluding left auricular enlargement, except in case 10 
in which there was only left auricular enlargement 
(the right ventricular outflow tract being at the 
upper limits of normal). Cases 8 and 9 had auricu- 
lar fibrillation. The electrocardiograms in all these 
patients were definitely abnormal. Cases 7, 8 and 9 
were taking digitoxin. 


MetTHOD 


All studies were done in the Florsheim Cardio- 
vascular X-ray Research Unit in the morning with- 
out prior sedation. Under local anesthesia (Mety- 
caine) a Cournand needle was placed in the brachial 
artery of the left arm for data on systemic arterial 

xygen and pressure. Cardiac catheterization was 
»erformed according to the technic of Cournand 
nd Ranges.!° The catheter was placed in the pul- 
1onary artery in all instances except in case 3 in 
vhich it could not be advanced beyond the right 
entricle. Simultaneous pressure tracings from the 
ulmonary artery (or right ventricle) and brachial 
rtery, using electromanometers* recording on a 
uur channel direct-writing polyoscillograph,* were 
1ade together with lead II of the electrocardiogram. 


* Sanborn Company, Cambridge, Massachusetts. 


After a short control tracing, the patient was in- 
structed to blow into a mercury manometer for as 
long as he was able, a Valsalva-like maneuver. 
Maximum sustained intraoral pressure was recorded 
by the method recently described.’ Afterward the 
patient relaxed. Continuous tracings were made 
until the pressure in the pulmonary and brachial 
arteries had returned to normal. 

The effect of the Valsalva-like procedure on the 
circulation was divided into four phases as sug- 
gested by Hamilton.” The first phase occurs imme- 
diately after straining begins, the second during the 
course of the sustained straining, the third immedi- 
ately after straining ends, and the fourth lasts until 
blood pressure reaches control levels. Tabulation of 
the systolic, diastolic, and pulse pressures and of the 
heart rate during each of the four phases of the 
Valsalva-like maneuver was made in the systemic 
and pulmonary circuit in the normal as well as in 
the two groups of mitral cases and the results are 
summarized in table 1. 


RESULTS 
1. Effect of Straining on the Systemic Circulation 
and Heart Rate (table 1, figs. 1, 2 and 4) 


A. Normal. The Valsalva-like maneuver af- 
fected the systemic blood pressure, the contour 
of the pulse and the cardiac rate. 

The average intraoral pressure for this nor- 
mal group during the Valsalva-like maneuver 
was 55 mm. Hg, indicating that the average 
intrapleural pressure was about 48 mm. Hg.!! 
Pressures in the pulmonary artery or right 
ventricle were normal at rest. They were also 
normal on exercise, when measured. The 
cardiac index at rest was in the accepted normal 
range in two patients and somewhat above 
this rate in one due to anxiety. In one of the 
two patients in whom exercise was done the 
cardiac index doubled. In the other case, the 
patient, a normal, healthy Mexican male, 
apparently had considerable anxiety at rest, 
with a resultant cardiac output of 10 liters 
per minute, and a cardiac index of 6.1 liters 
per minute per square meter of body surface. 
During exercise there was no appreciable 
change in the cardiac output. Dexter and co- 
workers® have published similar data on 
patients with a relatively high output at rest 
and Hickam and his associates! have actually 
shown a fall of cardiac output during cardiac 
catheterization when exercise was performed 
in normal anxious patients. 
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Phase 1. With the onset of straining, both 
ttre systolic and diastolic blood pressures rose 

all three patients while the pulse pressure 
iemained close to the control value. The maxi- 
i; um pressure was attained very shortly after 
ine straining was begun (within 4 beats). Dur- 
iig this period the cardiac rate and pulse con- 
ur remained unchanged. 
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Fic. 1. Systolic blood pressure and pulse pressure 
recorded from the brachial artery during the control 
period and the four phases of the Valsalva-like man- 
euver, for normal subjects and for patients with 
mitral stenosis (mild), group 1, and (severe), group 2. 
Note the lack of ‘‘overshoot”’ in phase 4 in patients 
with mitral stenosis, group 2. 
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Phase 2. As the straining was sustained there 
was a gradual fall in the systolic and diastolic 
biood pressure, the former declining more than 
the latter. Consequently there was a decrease 
i: pulse pressure. The latter became almost 
inperceptible in case 2. The systolic pressure 
i'1 One instance fell below, and in two instances 

as at or near, the control level. In two in- 

ances the diastolic pressure remained above, 

id in one it fell below, the control level. The 
‘irdiac rate, in all instances, rose, above the 
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Fic. 2. Cardiac rate during the control period and 
four phases of the Valsalva-like maneuver for patients 
in normal group and in mitral stenosis, groups 1 and 
2. Note relative constancy of pulse in severe mitral 
stenosis (group 2), and lack of bradycardia in phase 
4 in this group. 
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Fig. 3. Systolic blood pressure and pulse pressure 
as recorded from the pulmonary artery in normal 
subjects and mitral stenosis, groups | and 2, during 
the control period and four phases of a Valsalva-like 
maneuver. Note ‘“‘overshoot”’ in all groups in phase 4 
and that this is not as marked for each group as in 
the systemic circuit (compare with figure 1). 
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control rate. In two instances, a definite sinus 
tichyeardia was present. The contour of the 
julse was markedly changed. The dicrotic 
1 otech approached end diastole and eventually 
tie dicrotic pressure equaled the end diastolic 
pressure. The pulse curve tended to become 
symmetric, with the anacrotic limb equal to 
the catacrotic limb. 

Phase 3. With the cessation of straining 
there was an immediate drop in both systolic 
and diastolic pressures. The pulse pressure 
usually remained the same as in phase 2. 
The blood pressure in all instances fell below 
the control level. The contour of the pulse 
remained essentially similar to that in the 
preceding phase. The cardiac rate was some- 
what faster than in the previous phase. 

Phase 4. Soon after cessation of straining 
the systolic and diastolic blood pressure rose. 
There was a relatively greater increase in the 
former so that the pulse pressure increased 
rapidly. The control blood pressure level was 
quickly reached (within 5 to 8 beats). The pres- 
sure continued to that the control 
systolic, diastolic and pulse pressures were 
definitely exceeded in all three patients. Dur- 
ing this period, termed the “overshooting” 
phase," the pressure may rise to extremely 
high levels, with the heart rate at the same 
time becoming moderately or markedly slowed. 
In all three of our patients the heart rate fell 
below the control levels. The contour of the 
pulse returned to normal somewhat more 
slowly than the pressure. The dicrotic notch 
appeared higher on the catacrotic limb until 
it eventually assumed its normal position. 

B. Mitral Stenosis (Mild), Group 1. As 
stated above, this group has much in common 
with the normal group. Though the cardiac 
index was slightly below normal in all three 
patients, there was a normal response of the 
cardiac output to exercise. The pulmonary 
artery pressures at rest were at the upper 
lmits of normal, and were increased only 
s ghtly by exercise. The intraoral pressure 

is recorded in only one instance (case 6). 
| was 50 mm. Hg during the Valsalva-like 
1 aneuver, indicating that the average intra- 
| cural pressure was about 48 mm. Hg. 

The four phases of the Valsalva-like maneu- 
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ver showed essentially the same response in 
the systemic circulation as did the subjects 
composing the normal group. In phase 1, 
coincident with the increase in blood pressure, 
there was a decrease in pulse rate in two of 
the three patients. The “‘overshoot”’ and brady- 
‘ardia in phase 4, while not as great as in those 
of the normal group, was definite. 

C. Mitral Stenosis (Severe), Group 2. The 
patients in this group, with one exception 
(case 9), had low cardiac indexes at rest and 
all had fixed cardiac indexes on exercise. The 
pulmonary artery pressures, high at rest, be- 
came considerably increased during exercise. 
The average intraoral pressure during the 
Valsalva-like maneuver was 53 mm. Hg, in- 
dicating that the average intrapleural pressure 
was about 46 mm. Hg. 

As in the normal group, the effect of straining 
upon the systemic circulation may be divided 
into four phases. With the onset of straining, 
the systolic and diastolic pressures rose, the 
maximum pressure being attained before the 
fourth beat in all cases. The pulse pressure 
remained close to control level. The cardiac 
rate slowed in two of the four patients during 
phase 1, but returned to essentially control 
rates during the other phases. As the strain 
was sustained (phase 2) the pressure fell some- 
what below that observed in phase 1. Although 
the pulse pressure became smaller, it did not 
decrease to the extremes noted in the normal 
group, except in case 10. Similarly, the pulse 
contour did not exhibit the marked changes 
observed in the control group. The cardiac 
rate was close to control level in this phase. 

With the release of straining (phase 3), both 
systolic and diastolic pressures fell to below 
control levels, but not to the extent seen in 
the normal group. The pulse pressure remained 
as in phase 2 and the cardiac rate was 
unchanged. 

During recovery (phase 4) the blood pres- 
sure rose gradually, returning to normal levels 
within 4 to 9 beats. The contour of the pulse 
followed the recovery of the blood pressure. 
The pronounced “overshooting” of the blood 
pressure was not observed in any of the patients 
in this group. The marked slowing of the pulse 
was also not observed in any case. In no in- 
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stance did the cardiac rate during this phase 
fall below control levels. 

Except for phase 1, when there was slowing 
in two patients, the cardiac rate remained at 
approximately control levels during all phases 
of the Valsalva-like maneuver. 


2. The Effect of Straining on the Pulmonary 
Circulation (table 1, figs. 3 and 4) 


A. Normal. With the onset of the Valsalva- 
like maneuver (phase 1) the systolic and dia- 
stolic pressures in the pulmonary artery (or 
right ventricle) rose in all subjects. The pulse 
pressure remained at control level in two pa- 
tients and below it in the third. As straining 
was maintained (phase 2) the blood pressure 
fell slightly below the preceding phase. In 
contrast to the systemic circulation, however, 
the systolic and diastolic pressures in the pul- 
monary artery (or right ventricle) remained 
considerably above control levels during phase 
2. During this phase all pulse pressures were 
reduced below control values. As the strain was 
released, the pressure within the lesser circu- 
lation dropped precipitously to below control 
levels, though the pulse pressure quickly rose 
above that in the previous phase. During re- 
covery (phase 4) the blood pressure rose 
quickly, returning to control levels somewhat 
earlier than in the systemic circuit. An “‘over- 
shoot” with an increased pulse pressure was 
present in the pulmonary artery (or right ven- 
tricle) but the pressure change was not nearly 
as marked as that observed in the systemic 
circuit. In no case were the upper limits of nor- 
mal values for the pulmonary artery (or right 
ventricular pressures) exceeded during this 
phase. 

B. Mitral Stenosis (Mild), Group 1. The 
findings in this group were essentially similar 
to those of the normal group. The systolic and 
diastolic pressures in this group during the 
period of the “overshoot” (phase 4) in two of 
the three patients were definitely elevated 
above normal values for pulmonary artery pres- 
sure. However, the control pressures in this 
group, while within normal limits, were higher 
than in the normal group, so that the actual 
“overshoot”’ was quantitatively similar to that 
seen in the normal group. 


C. Mitral Stenosis (Severe), Group 2. The 
quantitative findings were similar to those 
shown by the other groups. The control pres- 
sures were higher, and as a result the ‘“over- 
shoot” present in the pulmonary circulaticn 
(in contrast to its absence in the systemic 
circuit) reached higher levels than in the other 
groups. 


DIscussION 


The pressures recorded from the brachial 
and pulmonary arteries are gross pressures dur- 
ing the straining procedure. While the diastolic 
brachial artery pressure and the systolic and 
diastolic pulmonary arteries pressures are ele- 
vated during the sustained period of straining, 
the net blood pressure in these vessels-- 
obtained by subtracting the simultaneous intra- 
pleural pressure from the gross blood pressure-— 
was actually found to be reduced, in confirma- 
tion of the findings of Cournand and co- 
workers.'® This is particularly well seen in 
phase 3 where the blood pressure falls precipi- 
tously below control values when the support 
of the intrapleural pressure is removed. 

Our observations on the effect of the 
Valsalva-like maneuver upon the systemic 
circuit in normal subjects are in agreement 
with those of Hamilton and co-workers.'’? With 
the onset of straining, the intrapleural pressure 
rises. We have found" that during the Valsalva- 
like maneuver intraoral pressure curves closely 
simulate intrapleural pressure curves in con- 
tour and have concluded that the intraoral 
pressure is an accurate measure of intrapleural 
pressure during this maneuver, being on the 
average 6 to 7 mm. Hg higher than the latter. 
With the onset of straining the pressure in the 
brachial artery rises. This undoubtedly is re- 
lated to an increased output of the left ven- 
tricle, as a result of the blood forced into it from 
the lungs. As the strain is sustained, the blood 
pressure level and particularly the pulse pres- 
sure in the systemic circuit fall. This is attribut- 
able to the depletion of the pulmonary blood 
reservoir which is squeezed out by the increased 
intrapleural pressure and prevented from refill- 
ing by the simultaneous decrease in venous 
return to the heart resulting from the same 
cause. During these phases, reflexes may come 
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in'o play. These may explain the slowing of 
the heart in some cases during phase 1, when 
there is a sudden increase in blood pressure, 
aid the increase in the heart rate in phase 2. 
Tne tachycardia persists into phase 3. 

During straining the venous pressure be- 
comes markedly elevated'® because of interfer- 
el ce with venous return. With the cessation 
oi straining and the sudden release of the ele- 
vated intrapleural pressure, the venous pres- 
sure, as expected, falls abruptly. This is asso- 
ciated with a marked and immediate increase 
in the venous return of blood to the heart from 
the blood stored in the veins during straining, 
which is facilitated by the hyperpnea following 
straining. It is this brisk augmentation in 
venous return that leads to the ‘overshoot’ 
in the blood pressure in phase 4. This marked 
blood pressure “overshoot” in the systemic 
circuit in its turn leads reflexogenically to slow- 
ing of the heart and to a generalized vasodila- 
tation. The cardioregulatory reflexes appear to 
originate in the receptors of the carotid sinus 
and aortic arch and their effect may be elimi- 
nated by various drugs.!7: }8 

The response to the straining procedure in 
the systemic circulation of patients with 
dynamically insignificant mitral stenosis was 
similar to that observed in normal individuals. 
In patients of this group the blood pressure 
“overshoot”? and bradycardia of phase 4 were 
present and marked, but to a lesser degree 
than in normal subjects. This suggests that 
the factors which operate in the more severe 
mitral stenosis cases do so in these milder 
cases but to a lesser extent. In the patients 
with severe mitral stenosis the blood pressures 
“overshoot”? and bradycardia of phase 4 was 
absent or minimal. 

In the pulmonary circulation all groups of 
patients showed an “overshoot” of approxi- 
mately the same degree in the post-straining 
veriod of the Valsalva-like maneuver (phase 4) 
egardless of the initial resting pulmonary 
rtery pressure. This was unexpected on the 
‘ssumption that in severe mitral stenosis the 
ulmonary vascular bed was reduced because 
f the marked pulmonary vascular engorge- 
ent. However, apparently the pulmonary bed 
: so large’? and can be emptied sufficiently 


by straining even in patients with a tight mitral 
stenosis, that it can accommodate the added 
post-straining load as well as in the normal in- 
dividual without an augmented blood pressure 
“‘overshoot”’ in phase 4 (or the distensibility is 
altered with mitral stenosis). 

The differences in the systemic blood pressure 
“overshoot” and its associated bradycardia 
between the normal subjects and. those with 
tight mitral stenosis is obviously due to the 
obstruction at the mitral orifice. The deformed 
valve causes an obstruction to the filling of the 
left ventricle which normally occurs almost 
entirely during early diastole (in the rapid 
inflow phase). The auricular systolic contribu- 
tion ordinarily is of minor importance and 
equal to about 5 per cent of total filling. Mitral 
stenosis affects chiefly the rapid inflow phase 
of left ventricular filling.2® In mild degrees of 
stenosis, as in our mitral stenosis group 1, 
the tendency to impairment of filling during 
rapid inflow is compensated adequately by the 
elevation of left auricular pressure and by an 
augmented auricular contraction. The result 
will be a dynamically unimportant lesion but 
one with acoustic characteristics. When, how- 
ever, the obstruction becomes severe, as in our 
mitral stenosis group 2, these compensatory 
mechanisms are inadequate and filling is im- 
paired. As a result the cardiac index at rest 
tends to be low. The obstruction at the mitral 
valve not only operates to prevent filling at 
rest but does so during exercise. Hence the 
cardiac output cannot increase to the same 
degree in patients with “tight” mitral valves 
as in normal individuals. In fact, the dis- 
parity between normal subjects and patients 
with severe mitral stenosis is much more 
marked during exercise than at rest as we and 
others*?: 7? have found. A similar situation 
prevails during the Valsalva-like maneuver. 
The sudden increase in the quantity of blood 
entering the right heart from the blood pooled 
in the veins during the early post-straining pe- 
riod, as a result of the release of the increased 
intrapleural pressure, cannot readily pass on 
into the left ventricle because of the stenotic 
mitral valve. Hence, the blood is accommo- 
dated for a time behind the mitral valve 
until in the course of time it drains away. This 
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limitation to the augmentation of left ventricu- 
lar filling and output is dependent on the sever- 
ity of the degree of mitral stenosis. It deter- 
mines in turn the presence and magnitude of 
the systemic blood pressure “overshoot” and 
its accompanying reflexogenic bradycardia. In 
mitral stenosis group 1, where the stenosis is 
mild, as evidenced by the high normal pul- 
monary arterial pressure at rest and the almost 
normal response of the pulmonary artery 
pressure and cardiac index to exercise, there 
was exhibited a definite but less than normal 
“overshooting” in systemic blood pressure and 
bradycardia in phase 4. In the severe cases, 
mitral stenosis group 2, with resting pulmonary 
hypertension, marked augmentation of pul- 
monary arterial pressure and fixed cardiac 
indexes on exercise, there was exhibited little 
or no “overshooting” in systemic blood pres- 
sure and little or no slowing in pulse rate in 
phase 4. 

Since the reflexogenic bradycardia after 
straining in mitral stenosis is dependent on the 
magnitude of the ‘overshoot’ in systemic 
arterial pressure and this is in turn inversely 
related to the severity of the mitral stenosis, 
it is possible that the presence or absence of 
the bradycardia and its degree after a stand- 
ardized Valsalva-like maneuver may be used 
as a simple bedside index of the dynamic 
severity of mitral stenosis. It is obvious that 
this needs further testing in mitral stenosis. 
Furthermore, other circumstances which pre- 
vent the ready redistribution of blood on and 
after straining will have to be tested as well. 
Such studies are under way. 


SUMMARY 


1. The effect of the straining procedure upon 
the systemic and pulmonary circulations in 
normal individuals and patients with mitral 
stenosis of several grades is described. 

2. The response of patients with severe 
mitral stenosis to this procedure differs from 
that of normal individuals and individuals in 
whom the mitral stenosis is only of acoustic 
significance. The difference is based upon the 
altered dynamics created by the stenotic 
mitral valve. 

3. The value of this procedure in establish- 


ing the dynamic significance of mitral stenosis 
and in estimating the size of the mitral valve 
is indicated. 

4. It is possible that the presence or absence 
of the reflexogenic post-straining bradycardia 
and its degree with a standardized Valsal\ a- 
like maneuver may be used as a clinical bed- 
side index of the degree of mitral stenosis. 
Other factors which can have an effect similar 
to mitral stenosis are being examined. 
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Epicardial Electrocardiograms Recorded in the f 


Course of Seven Cases of Heart Surgery 


By Grorces J. Carouso, M. D., Henri A. CHevauier, M. D., B. IsABELLE Latscna, M. D., a 


JEAN LENEGRE, M. D. 


Thirty-eight direct electrocardiographic records have been obtained by applying an exploring 
electrode directly to the epicardium after incision of the pericardium in the case of seven patients 
subjected to thoracotomy for various forms of heart surgery. These cases include three individuals 
with the tetralogy of Fallot, one with mitral stenosis, one with coarctation of the aorta, one with 
probable pulmonary atresia and one with a patent ductus arteriosus. This exploration has per- 
mitted us to study the patterns obtained in different regions of the right and left ventricular epi- 
cardial surfaces in four patients with right ventricular hypertrophy, two patients with left ventric- 
ular hypertrophy, and one patient with a heart whose left ventricle-right ventricle ratio was 


ND 


probably little disturbed. 


T IS now well recognized that certain 

characteristic modifications of the QRS 

complex in unipolar precordial leads will 
result from right or left ventricular hyper- 
trophy, respectively. However, there have not 
yet appeared any reports concerning the form 
of QRS in direct epicardial leads in such cases 
in man. Recently, we were afforded an op- 
portunity to obtain such information in four 
instances of right ventricular hypertrophy 
(three due to tetralogy of Fallot and one to 
mitral stenosis) and in two instances of left 
ventricular hypertrophy (one due to a coarcta- 
tion of the aorta and one due to an obscure 
type of anomaly associated with pulmonary 
atresia). In the present communication, it is 
our purpose to describe the findings thus ob- 
tained and to correlate the QRS pattern in 
direct epicardial leads with that in unipolar 
precordial leads in right and left ventricular 


METHOD 


After the heart was exposed and the pericardium 
incised during operation for the treatment of the 
cardiovascular anomalies already described, direct 
unipolar leads were obtained by the application of 
an electrode directly upon various sites on the 
ventricular epicardium. The type of electrocardio- 
graph available at the time of these studies did not 
permit the simultaneous registration of a lead on 
the body surface. The instrument was standardized 
to one-half of the usual sensitivity. The exploring 
electrode consisted of a polished silver disk measur- 
ing 13 mm. in diameter and 1 mm. in thickness. 
To one edge was attached a long handle, which 
facilitated its application. The disk was pliable and 
could be bent easily and made to conform to the 
sardiae surface being explored. This electrode could 
be introduced easily through the rent in the peri- 
eardium and could be held in contact with the 
visceral epicardium without the aid of absorbent 
cotton or other substance. The sites selected for the 
application of the exploring electrode were noted 
and charted, so that appropriate correlations could 
be made. Comparisons were then made in the same 


hypertrophy, respectively. 





Fig. 1. A comparison of the QRS pattern in conventional unipolar precordial leads with that in 
direct unipolar epicardial leads in a patient with tetralogy of Fallot, who had considerable right 
ventricular hypertrophy. The curves in C constitute the records obtained with the electrode in con- 
tact with the right auricular and right ventricular epicardium at the various indicated sites. The 
curves in D constitute the records obtained with the electrode in contact with the left ventricular 
epicardium at the various indicated sites over that chamber. The number over each tracing corre- 
sponds to the respective site, and so identifies the location of the exploring electrode. (The findings 
are explained in the text). Note in particular that a direct lead from high on the right auricle shows 
a QR pattern and that direct leads from the right ventricular epicardium are characterized by a large 
R wave, a late intrinsicoid deflection (0.09 second at point 3), and an absence of a Q wave. By con- 
trast, the direct leads from the left ventricular epicardium are characterized by a large R wave pre- 
ceded by a Q wave, a relatively unimpressive S wave, except when the electrode is in contact with 
the posterior wall of the left ventricle, and an intrinsicoid deflection that is not late (0.04 second at 
points 5, 7, and 8). The fact that a Q-S pattern preceded by a purely positive auricular deflection 
was recorded at point 6 suggests that this point was probably near the auriculoventricular junction. 
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Female aged 20. Tetralogy of Fallot. A, B. Records before operation. C, 
D. Epicardial records during operation (June 17, 1950). 1. Right auricle. 
2. Right ventricle, anterior wall. 3. Right ventricle, anterior wall, close 
to right border. 4. Right ventricle, right border. 5. Left border of the 
heart, near the apex. 6. Left ventricle, higher part of the posterior 
auriculoventricular groove. 7. Left ventricle, posterior wall. 8. Left 
ventricle, posterior wall. 


FIGURE 1. 


Male aged 20. Tetralogy of Fallot. A, B. Records before operation. C, 
D. Epicardial records during operation (May 19, 1950). 7. Right ventri- 
cle, anterior wall. 2. Right ventricle, extreme right border. 3. Right ven- 
tricle, anterior wall, infundibulary region. 4. Base of infundibulum. 6. 
Right ventricle, right border. 6. Left ventricle, lateral wall. 7. Left ven- 
tricle, posterior wall. 


Fig. 2. A comparison of the QRS pattern in conventional unipolar precordial leads with that in 
direct unipolar epicardial leads in a patient with tetralogy of Fallot, who had considerable right 
ventricular hypertrophy. All curves in C and the first of D are the records obtained with the elect rode 
in contact with the right ventricular epicardium at the various designated sites. The remaining curves 
in D are the records obtained with the electrode in contact with the left ventricular epicardium 
at the various designated sites over that chamber. The number over each trace corresponds to the 
respective site and thereby identifies the location of the exploring electrode employed in the deri- 
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Male aged 7. Tetralogy of Fallot. A, B. Records before operation. C. 
Kpicardial records during operation (June 17, 1950). 1. Right ventricle, 
right border. 2. Right ventricle, higher part of the anterior wall. 3. Left 
ventricle, higher part of the posterior wall. 4. Left ventricle, lower part 
of the left border. 


Fig. 3. A comparison of the QRS pattern in conventional unipolar precordial leads with that in 
direct unipolar epicardial leads ina patient with tetralogy of Fallot, with considerable right ventric- 
ular hypertrophy. The first two curves in C comprise the records obtained with the electrode in con- 
tact with the right ventricular epicardium at sites 1 and 2, and the last two curves in C are the rec- 
ords obtained with the electrode in contact with the left ventricular epicardium at sites 3 and 4. 
Note that direct leads from the designated sites of the right ventricular epicardium are characterized 
by a large R wave, a late intrinsicoid deflection (0.06 second), and an absence of a Q wave. By con- 
trast, the direct leads from the left ventricular epicardium are characterized by a large R wave pre- 
ceded by a Q wave, a relatively unimpressive S wave, and an intrinsicoid deflection that is not late 
(0.04 second). 


vation of the lead. (See text.) Except for a lead made with the electrode over the thinner trabecular 
zone (site 1), direct leads from the right ventricular epicardium are characterized by a large R wave, 
a late intrinsicoid deflection (0.07 second), and absence of a Q wave. By contrast, the direct leads 
from the left ventricular epicardium are characterized by a large R wave preceded by a Q wave, a 
relatively unimpressive S wave, and an intrinsicoid deflection that is not late (0.045 second). In 
several tracings from both the right and left ventricles, evidence of injury current is seen. 
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Male aged 35. Mitral stenosis. A, B. Records before operation. C, D. 
Epicardial records during operation. /. Right auricle. 2. Right border 
near the base. 3. Right border. 4. Right ventricle near the apex. 5. Inter- 
ventricular groove. 6. Left ventricle. 7. Left ventricle, posterior wall. 


Fic. 4. All the curves in C and the first in D constitute the records obtained with the electrode in 
contact with the right auricular and right ventricular epicardium at the various sites; the last two 
curves in D constitute tracings obtained with the electrode in contact with the left ventricular epi- 
cardium. Except for two leads, the first made with the electrode near the interventricular groove (site 
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Male aged 10. Pulmonary atresia. A, B. Records before operation. C. 
Epicardial records during operation (June 3, 1950). 1. Anterior wal! of 
the heart near the right auricle. 2. Anterior wall of the heart, higher part. 
8. Anterior wall of the heart, middle part. 4. Left ventricle, near the 
left border. 5. Left ventricle, posterior wall. 


Fic. 5. A comparison of the QRS pattern in conventional unipolar precordial leads with that in 
direct unipolar epicardial leads in a patient with pulmonary atresia with considerable hypertrophy 
of the left ventricle. All the curves in C comprise the records obtained with the electrode in contact 
with the left ventricular epicardium at the five corresponding sites. In such direct leads, a large R 
wave preceded by a Q wave and a late intrinsicoid deflection (0.065 to 0.08 second) are the important 
findings. 





5) and the other near the apex (site 4), direct leads from the right ventricular epicardium are char- 
acterized by a large R wave, late intrinsicoid deflection (0.06 second) and absence of a Q wave. By 
contrast, direct leads from the left ventricular epicardium are characterized by a very large R wave 
preceded by a Q wave, a small S wave and a slightly delayed intrinsicoid deflection. This slight delay 
can probably be attributed to a certain degree of left ventricular hypertrophy resulting from an asso- 
ciated mitral insufficiency. Note that the lead made with the electrode over the right auricle shows a 
qR pattern. 





EPICARDIAL ELECTROCARDIOGRAMS 


Male aged 19. Coarctation of the aorta. A, B. Records 
before operation. C, D. Epicardial records during op- 
eration (June 25, 1950). 7. Right ventricle, anterior 
wall. 2. Right ventricle, right border. 3. Right ven- 
tricle, base. 4. Left ventricle, anterior wall. 5. Left 
ventricle, apex. 6. Left ventricle, posterior wall. 


Fic. 6. A comparison of the QRS pattern in conventional unipolar precordial leads with that in 
direct unipolar epicardial leads in a patient with coarctation of the aorta, who had definite hyper- 
trophy of the left ventricle. The first three curves in C comprise the records obtained with the elec- 
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Female aged 17. Persistent patency of the ductus arteriosus. A, B. 
Records before operation. C. Epicardial records during operation (July 
31, 1950). 7. Left ventricle, near the apex. 


Fic. 7. A comparison of the QRS pattern in conventional unipolar precordial leads with that in a 
single direct unipolar epicardial lead in a patient with persistent ductus arteriosus unassociated with 
any hypertrophy of either ventricle. The single curve in C is the record obtained with an electrode 
in contact with the left ventricle at the designated site near the cardiac apex. There is present a 
dominant R wave preceded by a prominent Q wave. This pattern corresponds essentially to the pre- 
cordial lead from the left side zone. 





trode in contact with the right ventricular epicardium at the corresponding sites. The last curve in 
C and the two curves in D are the records obtained with the electrode in contact with the left ventric- 
ular epicardium at the corresponding sites. In the direct leads derived from the right ventricular 
epicardium, a Q wave is lacking, the R wave is not the main deflection, and the intrinsicoid deflection 
is not late (0.04 to 0.045 second). By contrast, the direct leads from the left ventricular epicardium 
are characterized by a dominant R wave that is preceded by a Q wave and an intrinsicoid deflection 
that is late (0.09 second). 
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subject between the epicardial leads obtained at the 
time of operation and multiple unipolar precordial 
leads made in accordance with accepted methods, 
prior to the performance of the surgical procedure. 


RESULTS 

The findings in the four cases exhibiting 
right ventricular hypertrophy are shown in 
figures 1, 2, 3 and 4. In summary they consist 
of (a) the presence of a delayed intrinsicoid 
deflection in epicardial leads derived from the 
right ventricle and an undelayed intrinsicoid 
deflection in epicardial leads derived from the 
left ventricle; (b) absence of a Q wave in 
epicardial leads derived from the right ventricle 
and the presence of a Q wave in epicardial 
leads of the left ventricle; (c) the presence of a 
dominant R wave in epicardial leads derived 
from the right as well as from the left ventricle; 
(d) the presence of an RS or rS type of QRS 
in epicardial leads derived from certain selected 
sites on the right ventricular surface; (e) the 
presence of an qR pattern in epicardial leads 
derived from the right auricle; (f) good cor- 
respondence between right-sided precordial 
leads and right ventricular epicardial leads; 
and (g) usual lack of correspondence between 
left-sided precordial leads and left ventricular 
epicardial leads. 

The findings in the two cases exhibiting 
left ventricular hypertrophy are shown in 
figures 5 and 6. In summary, they consist of 
(a) the presence of a delayed intrinsicoid 
deflection in epicardial leads derived from the 
left ventricle and undelayed intrinsicoid deflec- 
tion in epicardial leads derived from the right 
ventricle; (b) the absence of a Q wave in 
epicardial leads derived from the right ventricle 
and the presence of a Q wave in epicardial 
leads derived from the left ventricle; (c) the 
presence of a dominant R wave in epicardial 
leads derived from the left but not from the 
right ventricle; (d) good correspondence be- 
tween right-sided precordial leads and right 
ventricular epicardial leads; and (e) good 
correspondence between left-sided precordial 
leads and left ventricular epicardial leads 
except that the intrinsicoid deflection in a 
left ventricular epicardial lead may be delayed 
even when it is undelayed in the left-sided 
precordial lead. 

In the case of the patient with a persistent 


ductus arteriosus (fig. 7), unassociated with 
any ventricular hypertrophy, the QRS pattern 
in a single epicardial lead derived from a point 
on the left ventricle close to the cardiac apex 
is very similar to that in epicardial leads derived 
from the left ventricle in instances of let 
ventricular hypertrophy. 


DIscUSSION 


To our knowledge, there have appeared up 
to now five papers concerned with direct 
exploration of the cardiac potentials of tie 
human heart during operations which pcr- 
mitted exposure of the heart and the applica- 
tion of electrodes thereto.': 4~7 However, actual 
visceral epicardial leads were obtained in only 
two instances, one a case of purulent. peri- 
carditis! and the other a case of constrictive 
pericarditis.’ So far as we are aware, the 
present study is the first to attempt a correla- 
tion between direct epicardial leads and uni- 
polar precordial leads in instances of ventricu- 
lar hypertrophy in man. 

In our analysis of the data, we have pur- 
posely confined our observations to the form 
of QRS. Although it would have been desirable 
to study the pattern of the succeeding ventricu- 
lar deflection as well, this proved to be impos- 
sible because of the modifications of the S-T 
segments in the direct leads which resulted 
from the injury currents induced by the physi- 
cal contact of the exploring electrode with the 
visceral epicardium and by the alterations of 
repolarization influenced by variations in 
coronary flow and environmental tempera- 
ture, which followed as a consequence of 
exposure of the heart to the atmosphere. 

In the two cases of left ventricular hyper- 
trophy, there was fairly good correspondence 
between the unipolar precordial leads from the 
right- and left-sided chest zones and the direct 
epicardial leads from the right and left ven- 
tricles, respectively. However, the same cor- 
relation was not strictly obtained in the cases 
exhibiting right ventricular hypertrophy. In 
these cases, precordial leads derived from ‘he 
extreme left side of the chest were characterized 
by a deep S wave and absence of a Q wave, 
whereas the epicardial leads from the surf ice 
of the left ventricle were typical left ventricular 
epicardial leads, being characterized by a lerge 
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R wave which is preceded by a Q wave. To 
explain these differences between epicardial and 
precordial leads in cases exhibiting right 
ventricular hypertrophy, it can be assumed 
that during the phase of ventricular depolariza- 
tion, the electrical field surrounding the heart 
is dominated by the electrical forces created 
during depolarization of the thickened right 
ventricle and that this dominant vector will be 
represented in contralateral precordial leads 
by oppositely directed deflections. With this 
interpretation, which is in accord with the 
conclusions of Barker and Valencia? and 
Goldberger,’ the large R wave in a precordial 
lead from the right-sided zone and the deep S 
wave in a precordial lead from the left-sided 
zone are to be considered as_ electrocardio- 
graphic representations, in instances of right 
ventricular hypertrophy, of the same electri- 
cal force, that is, right ventricular potentials. 
An alternative explanation would be to consider 
the RS or rS pattern in left-sided precordial 
leads to be the result of a precordial electrode 
“facing” certain specialized zones of the right 
ventricular surface, epicardial leads from which 
are characterized by a QRS complex conform- 
ing to the RS or rS type. 


SUMMARY 


1. For the first time, in man, direct epi- 
cardial leads have been obtained in four cases 
exhibiting right ventricular hypertrophy, in 
two eases exhibiting left ventricular hyper- 
trophy and in one case without hypertrophy 
of either chamber. 

2. In cases with right ventricular hyper- 
trophy, the QRS complex in right ventricular 
epicardial leads is characterized by either an 
R, Rs, RS or rS pattern, depending on the 
portion of the right ventricular surface which 
is explored. In these same cases, the QRS 
complex in left ventricular epicardial leads is 
characterized by a qRs or qRS pattern. 

“. In the cases with left ventricular hyper- 
tronvhy, the QRS complex in right ventricular 
epi-ardial leads is characterized by an rs or 
RS pattern. In these same cases, the QRS 


complex in left ventricular epicardial leads is 
characterized by a qRs or qR pattern. 

4, With one exception, there is good corre- 
spondence between right-sided precordial leads 
and right ventricular epicardial leads, as well 
as between left-sided precordial leads and left 
ventricular epicardial leads. The exception is 
the deep S wave in left-sided precordial leads 
in the cases of right ventricular hypertrophy. 
The rS or RS pattern in left-sided precordial 
leads, in such cases, is attributed to the spatial 
relationship between the exploring electrode 
and the portion of the right ventricular epi- 
cardium from which QRS is characterized by 
an rS and RS pattern. 
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The Distribution of Body Fluids in Congestive 
Heart Failure 


IV. Exchanges in Patients, Refractory to Mercurial 
Diuretics, Treated with Sodium and Potassium 


By J. R. Euxinron, M.D., R. D. Squires, M.D., ano L. W. BLUEMLE, Jr., M.D. 


The clinical course was observed and balance studies were conducted in a series of patients with 
congestive heart failure who had hyponatremia and who had become refractory to mercurial diu- 
retics. The data obtained during control periods and during treatment with hypertonic sodium solu- 
tions suggest that, in addition to sodium depletion, some disturbance is present in the mechanisms 
which regulate the water balance of the body. The administration of potassium did not appear to 


effect a diuresis. 


N THE previous paper! data were pre- 
sented on the exchanges of water and 
electrolytes in patients with congestive 
heart failure during loss of their edema by 
diuresis. In the present communication similar 
studies are set forth of edematous patients who 
had become refractory to mercurial diuretics. 
In the first paper of this series? the possible 
effects of certain changes in body fluid dis- 
tribution on circulatory and renal function were 
discussed. Reduction of cardiac output, rate of 
glomerular filtration, and renal insufficiency 
are known to be regular effects of depletion of 
sodium ion,*:4 and the administration of so- 
dium to salt-depleted subjects has been shown 
to restore the effectiveness of mercurial diu- 
retics.*» © Sodium depletion as a result of ex- 
cessive administration of mercurial diuretics 
has been described by many observers’~” and 
has been termed by ‘chroeder ‘‘the low-salt 
syndrome.” Since hyponatremia is a common 
finding in edematous cardiacs who have re- 
ceived mercurials," it seemed pertinent to in- 
quire whether loss of sodium in relation to water 
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was the principal factor in the refractoriness 
of these patients to various diuretic measures. 

Disturbances in the distribution of potassium 
have also been implicated in congestive heart 
failure. Newman and_ co-workers" — and 
others,!*—" as well as ourselves,'! had shown that 
potassium may be retained in excess of nitrogen 
during the diuresis of the edema fluid. Fox 
and associates have claimed that the adminis- 
tration of potassium to hyponatremic cardiacs, 
along with sodium, is a factor in the initiation 
of diuresis. For this reason the effect of potas- 
sium therapy in such patients requires study. 

The purpose of this investigation was to de- 
termine in a group of hyponatremic mercurial- 
fast edematous cardiacs (1) whether the hy- 
ponatremia could be attributed to retention of 
water, to loss of sodium, or to both, (2) whether 
the raising of the extracellular concentration of 
sodium by the administration of hypertonic 
solutions of sodium would promote the onset 
of diuresis, and (3) whether the administra- 
tion of potassium played a critical role in the 
diuresis of the edema fluid. 


EXPERIMENTAL METHODS AND PROCEDURE 


Thirteen patients with peripheral edema due to 
heart disease were the subjects of study. All of these 
patients had become refractory to mercurial diu- 
retics during sustained administration of the drug; 
most of them were hyponatremic. Nine of the }a- 
tients were given hypertonic solutions of sodium 
during which time water was restricted; three were 
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given hypertonic sodium solutions and potassium; 
an’ two were given, on three occasions, potassium 
solutions only. 

‘he clinical response in terms of sense of well- 
bei ig, thirst, and diuresis were observed; the changes 
in omponents of the body fluids were calculated 


Patient: F.N. Arterioscler. Heart 


Therapy 


Edema - pulmonary 


peripheral 


Serum conc. 


to 30 
. BUN 9 


x——* 


5.5 


Disease 


59 


were treated with hypertonic sodium solutions 
are tabulated in table 1 and illustrated in 
figures 1 to 6. All of the patients were still 
edematous despite intensive mercurial therapy 
immediately prior to the period of study. At 


© congestive failure: 


KHPO4q| p.o, 
Low Na| 3% 


[Hg] 
[Digi 





o—o mg% '0 


3.5 Na 





o— 
meq. per liter 


Daily balance of: 


Sodium 


Potassium 


Weight 68 
ae a 66 


64 
62 
Total fluid 

Intake 0 


Output - urine @ 


Kg 


liters 


Doy of study 0 


5 


Discharged 
edema-free 


| 


Fic. 1. Patient F. N.. Clinical course. Successful response to mercurial diuretic occurred following 
the administration of hypertonic sodium solution. This took place after recovery from acute left 
ventricular failure due to potassium cardiotoxicity induced by potassium therapy. 


fron: data obtained by the balance technic. The 
details of procedure, the calculation of results, and 
the chemical methods were the same as those de- 
tailed in the previous paper.! 


RESULTS 
‘the results are presented in tables 1 to 3B 
anc in figures 1 to 6. 
inical Course. The diagnosis and clinical 


cou se of the 11 hyponatremic patients who 


least six of the 11 patients were hypotensive 
and eight were azotemic. All of the patients 
were weak and anorexic, one was cold and 
sweating, and four were mentally confused or 
comatose. One of these, R. S., who had the 
lowest serum level of sodium in the group, had 
a severe paralytic ileus simulating intestinal 
obstruction or mesenteric thrombosis. During 
treatment with hypertonic sodium solutions 
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seven of the patients developed moderate to 
extreme thirst; in six of these this symptom ap- 
peared while the serum concentration of so- 
dius was still below the range of normal values. 
Ma.aly because of this symptom, water restric- 


Patient: J. F. 
Therapy: 


Edema - periph. 
Serum conc.: 


737 BUN 


Na 
meq. per liter 


—) 


Daily balance of: 
Sodium 


intake 
output 


Potassium 
24 br. endogenous 
Creatinine clearance 
cc. per min. 
Total fluid liters 
Intake oO 
Output - urine B 


Doy of study 


increase in urine flow during the period of ad- 
ministration of sodium, and in only five was 
there some degree of diuresis immediately after 
the sodium therapy (in four of these when 
mercurial diuretics were again instituted). In 


49 2W, Rheumatic valvular heart dis. ¢ AF and congestive failure 


35 40 45 


Fic. 2. Patient J. F. Clinical course. The serum sodium concentration continued to fall on days 
37 and 38 despite a slightly positive sodium balance, indicating a primary retention of water. Follow- 
ing sodium therapy the serum concentration was partially restored but no diuresis occurred, even 


when mercury was given (day 44). 


_ tion and sodium administration were carried to 
» the point of complete restoration of the serum 
» sod'iim to within the normal range in only four 
of tie patients. 

‘lhe therapeutic results of this treatment in 
ter:is of diuresis were inconstant. In only three 
of ‘\1e patients was there a slight or. moderate 


one, F. N., of the two patients who completely 
eliminated their edema, the diuresis appeared 
to be delayed by the deleterious effect of the 
potassium therapy (fig. 1). In the other of these 
two patients, H. W., the diuresis of water with 
very little salt continued after the administra- 
tion of hypertonic sodium chloride (and before 
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that of mercury) to the point where the edema mercurials has an extremely poor prognosis no«l 
was removed and the serum sodium concentra- under present therapy. In patient G. C., potas- tion 
tion restored to high normal levels (fig. 3). sium was given alone or in conjunction with oth 

taie 


Patient: H.W. Myocardial infarction with congestive failure. sia 


Therapy: 


Edema - peripheral 


BUN 
x--x 


mg.% 


meq. per liter 


BP: 


Daily balance of: 
Sodium 


Intoke J fowrou 0 


+200 


meq. 
Potassium 


24 br. endogen. igo 
creatinine 
clearance 

cc. per mia. 


Total fluid 
Intake oO 
Output-urine @ 


liters 


Day of study 

Fic. 3. Patient H. W. Clinical course. During the oliguric phase when the fluid intake was in- 
creased (days 8 to 11) the patient was hypotensive, the serum sodium level fell, and azotemia rapidly 
developed. On day 12 severe limitation of water intake plus hypertonic sodium therapy resulted in 
a rise in serum sodium concentration to 129 mEq. per liter and a moderate increase in urinary out- 
put. On days 13 to 15 when water intake was moderately restricted but no hypertonic salt was given, 
the patient excreted a large volume of water with very little salt, resulting in the loss of edema and a 
restoration of the serum sodium concentration to high normal levels. This readjustment occurred 
without the retention of potassium. Subsequently the blood urea nitrogen returned to normal levels. 


The fact that death occurred within a week sodium during three different admissions (tig. 
in six of the patients indicates, at most, that 6), each time raising the serum level to «b- 
the sodium therapy as administered was not normally high values. Only on the third «d- 
only ineffectual but may have been harmful, or mission can the potassium therapy possibly be 
at least, that the patient with chronic con- interpreted to have accelerated the loss of 
gestive failure who has become refractory to edema. On the other admissions of this patient 
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no ciuresis was associated with the administra- 
tio. of this ion. This was likewise true in the 
othr two patients, G. B. and J. B., who re- 
tai ed large amounts of administered potas- 
siuia (figs. 4 and 5A, tables 2B and 3B). 
heart 


Patient: 6G.B. Rheumatic 


Therapy: 


ConcAlb 


Edema - periph. 
Blood urea N 


Serum conc.: 


Albumin om% 
9 
5.5 


disease 


balance was zero or positive; that is, the con- 
centration decrement was due to retention of 
water rather than to loss of sodium. When 
sodium ion was administered to the hypona- 
tremic patients, the serum or extracellular con- 


with chronic congestive failure. 





454 Na 


Ce 


135 





3.5 

2.5 130 

meq.peri 125 
Daily balance of 


100 
Chloride meq oO 


+200 
+100 
Sodium meq ° 
-100 
+200 


+100 
Potassium meq 9 


Endog.creatinine .50 
Clearance cc/min. 4 


Weight Ky 74 


a 
70 
Total fluid 
Intake and 
Output liters ° 


Doy of study ° 5 


10 15 20 


Fig. 4. Patient G. B. Clinical course. Despite the restoration of serum sodium concentration to 
normal levels on two oceasions (days 6 to 7 and 18 to 20), the administration of concentrated albumin, 
and the administration of potassium, the patient failed to have a diuresis. The two relapses of the 
serum sodium concentration to hyponatremic levels without a negative sodium balance (days 8 to 


11 and 20 to 24) suggest primary retention of water. 


Sodium and Water Exchanges. In 12 of the 
tudies the initial serum sodium concentra- 

s were abnormally low (table 3 and fig. 5). 

In six of seven periods in hyponatremic pa- 
tie ts, when neither mercurials nor hypertonic 
so. ‘um solutions were being given, the serum 
soc-:um concentration was observed to fall to 
sti’ lower levels at a time when the sodium 


centration rose, and the chloride space ex- 
panded. However, in one patient, F. N., the 
total water of the body was demonstrated not 
to increase (table 3B), and in two other pa- 
tients, H. W. and R.S8., whose urinary output 
increased, the intake-output data suggest that 
during hypertonic sodium therapy their total 
body water was actually diminished (table 2.4). 
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Following the sodium therapy two patients, 
F. N. and J. L., when given mercurials, ex- 
creted their edema fluid, presumably both water 
and salt (fig. 1). Patient H. W. likewise had a 


phase in a majority of the patients receiving 
hypertonic sodium therapy. But in three of the 
five patients in which changes in volume of the 
intracellular fluid was estimated, the fluid com. 


Patient: J.B., Chr. rheumatic heart disease € congestive failure 


40 w, 


Therapy: 


Edema 


Serum conc.: 
5.5 


45 
3.5 
25 
40 
35 
30 
25 


K 


o—o 


Cl 
95 
Vs 
90 


Daily balance of 
+200 


+100 


Chloride ° 


ea 


a, 


Potassium Will 


meq. 


Weight 
kg. 


Total fluid 


intake 
unnary output 


Doy of study -5 ° 5 0 15 


Fic. 5A. Patient J. B. Clinical course. The patient’s metabolic alkalosis (elevated serum carbon 
dioxide) is shown to respond to the administration of ammonium chloride (days 1 to 5 and 14 to 15) 
and to be reinduced by mercurial diuretics (days 16 to 19). A rise in serum carbon dioxide was not 
prevented by the administration of potassium chloride nor was a diuresis initiated (days 6 to 13). 


diuresis following hypertonic sodium therapy 
but excreted water greatly in excess of salt, 
further concentrating his total level of electro- 
lyte (tables 2A and 2B, fig. 3). 


partment was expanded rather than contracted 
(tables 2B and 3B), indicating that changes in 
intracellular as well as extracellular osmolarity 
were conditioning the distribution of water 


Expansion of the extracellular phase must 
have been at the expense of the intracellular 


under these circumstances. 
Potassium Exchanges. The serum potass um 
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conventration was normal or elevated during 
the ‘ourse of observation in 12 of the 15 stud- 
ies; in only one patient, G. B., did the level 
fall to below 3.0" mEq. per liter (table 2B, 


Patient: J.B.,0o7 40 
Therapy: Y 


Edema 


Serum conc. 
40 
co 
2 35 


Cl 


wv 
meq./l. 
Cumulative change in 


Extracellular 


+400 
+2 


HO Na 
(AE) o KE 0 


liters —- meq 


"~400 


Intracellular 


K 
H,0 


Na _400 


~ 


meq. -800 
Weight 64 

ce 

60 


kg 
Total fluid liters 


Intake oO 
Urinary output @ 


Day of study -5 ° 


W, Chr. rheumatic heart 


weight, respectively, during the periods of po- 
tassium therapy (table 3B). In patient G. B. 
during the entire period of study of 21 days, 
during which time she was on a basic milk 


disease ¢ congestive failure 


Mn °T f& ° BER rece Le << 


-2 
liters 


5 10 S 


Fig. 5B. Patient J. B. Calculated changes in body fluid components. Intracellular sodium was 
not diminished and intracellular potassium was not increased when ammonium chloride was given 
and the serum carbon dioxide fell (days 1 to 5 and 14 to 15). Such exchanges did take place during 
potassium chloride therapy but the serum carbon dioxide content rose. Thus no recognized rela- 
tionship appeared to occur between the extracellular alkalosis and exchanges of intracellular 
cations. Nor did any diuresis occur when potassium was retained in the cellular phase. 


| fig. }). Potassium was retained in the intracel- 

lula: phase on all six occasions of its administra- 
| tio... In patients G. B. and J. B. the increase in 
' intr cellular potassium in excess of nitrogen 
» am: unted to 7.3 and 7.7 mEq. per Kg. of body 


diet, the total retention of potassium in excess 
of nitrogen was 1015 mKq., or 13.5 mEq. per 
Kg. The calculated changes in intracellular 
sodium did not bear a reciprocal relation to 
those of intracellular potassium during many 
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of the periods of observation. During three of a discrepancy between water shifts and cation 
the { ve periods of potassium therapy and up- transfers, was in the negative direction in most 
take by the cellular phase, when the final of the 19 periods of the six studies in which it 
carbon dioxide content of serum was measured, could be calculated (tables 2B and 3B). 


G.c., 46 ow, Chronic rheumatic heart disease with congestive failure 


zZ 
9/\2 - 10/9/1949 


Serum conc. 
K 
Na 


Weight 


55 


Edema 


Day of study 


I 
12/6-31/1949 


and ineluded in te 


Serum conc. 
K 
Na 
Weight 


2 
$ 
> 


Edema 


Day of study 


m 
2/2-23/1950 


Serum conc. 4 5 5 4 gms. [kc] 5 ams. 


K 6.1 4.8 7.0 
Na 131 130 
Weight 


wn on 3/S8-$ 


Edema 


Doy of study 5 10 15 20 


Fic. 6. Patient G. C. Clinical course. The temporal relationship of a few doses of potassium salts 
to the degree of edema and the changes in body weight are shown for three different admissions. On 
each admission potassium was retained in amounts sufficient to raise the serum concentration of 
the ion to supranormal levels. Only during admission III, and following sodium therapy for hy- 
ponatremia, did the administration of potassium coincide with an acceleration of the loss of weight 
and of edema fluid. 


O00 mal 


the .erum bicarbonate concentration rose to Changes in this value were in the positive 
abn« mally high levels, rather than fell. direction in only six of the periods, in four of 

0 notically Active Base. Change in osmoti- which hypertonic sodium solution was being 
call: active base, a calculated value indicating given, and in one when potassium was ad- 
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min stered. These positive values were not as- 
soci:ted with diuresis. Total change in osmoti- 
eally active base for each of six studies 
am unted to 28 to 125 per cent of the total 
ext-rnal transfers of sodium plus potassium. 


DISCUSSION 


‘! he observations in these patients have not 
bee 1 complete enough to yield definitive data 
on -he problems outlined in the introduction. 
Ob: iously, the lack of measurements of general 
and renal hemodynamics and of regional dif- 
fercaces in fluid distribution prevents accurate 
assessment of the effect of changes in the sys- 
temic circulation on the loss of edema. Never- 
theless, these studies do permit a few con- 
' clusions to be drawn in respect to this type of 
patient, and the findings demonstrate that the 
problem is not a simple one. 

The response of some of the patients to hy- 
, pertonie solutions of sodium indicates that sod- 
} ium depletion is sometimes a factor in the 
| oliguria of hyponatremic cardiac patients. The 
» presence of hypotension and the symptoms of 
) weakness and occasional ileus support this inter- 
| pretation. Sodium depletion is not ruled out by 
» the failure of a majority of these patients to 
» have a diuresis following such therapy in their 
' particular instance; other factors must be in- 
» volved as well. The facts that the serum sodium 
» concentration continues to fall when the so- 
| dium is not being lost, that during sodium ad- 
' ministration thirst appears long before the 
serum sodium reaches normal, and that after 
| therapy the serum sodium concentration fre- 
» quently returns to its previous low level, 
) strongly suggest that some process is operative 
) in these patients which requires the main- 
- tenance of a lower than normal total concen- 
) tration of electrolytes. In the previous study! 
» it was shown that during diuresis of edema fluid 
F intracellular water was lost, and that intracel- 
) lular base was being inactivated. As was pointed 
Sout in the discussion of this problem in the 
) first paper? such a process might result in in- 
) trav llular dehydration in the presence of a low 
) con entration of electrolyte (or hyponatremia), 
/ ani tracellular abnormality that might through 
Shur oral mechanisms inhibit the excretion of 
ya r and salt. Since no measureménts were 


made either of the absolute volume of the in- 
tracellular fluid compartment, or of antidiuretic 
hormone production, these particular studies 
neither confirm nor deny this hypothesis. 

The hyponatremia that occurs in other states 
of sodium depletion, such as in gastrointestinal 
fluid loss, sweating, or adrenocortical insuffi- 
ciency, usually appears after the initial stages of 
the conditions. Where the fluid lost is isotonic 
(asin succus entericus) or hypotonic (as in sweat) 
the onset of hyponatremia is dependent upon 
the acquisition of salt-free water. Peters'® has 
interpreted the fall in total electrolyte concen- 
tration to indicate that under such stress the 
volume of body fluids is more zealously guarded 
than composition. While such an interpretation 
is possible in these cases, not only is the mech- 
anism of such a teleologic homeostasis quite 
unknown, but the recurrence of hyponatremia 
following sodium therapy is strongly against 
such an interpretation. It seems reasonable, 
therefore, to seek some explanation such as 
intrinsic change in intracellular osmolarity. 

The role that mercury has played in these 
cases is somewhat obscure. It is entirely possi- 
ble that the development of resistance to the 
diuretic action of mercurial preparations was 
quite unrelated to the drug and was due to 
other factors of central, peripheral, and renal 
circulatory failure. On the other hand, the oc- 
currence of hyponatremia seemed to be more 
common in cardiac patients who had received 
mercury than in those who had not,! and the 
patients reported in this paper had certainly 
had intense mercury therapy (table 1). Mer- 
cury appears to be a poison to certain cytologic 
enzyme systems, including those responsible 
for electrolyte transport in the cells of the renal 
tubule.”° It is not inconceivable that it may ef- 
fect intracellular processes in other tissues as 
well. 

Potassium therapy was hardly given a fair 
trial; it was tried in too few cases in large 
enough amounts. When it was given, it was 
retained in cells in excess of nitrogen. Reten- 
tion of this fraction of the ion in amounts of 
7.3 and 7.7 mEq. per Kg. of body weight is 
comparable to the retention in other types of 
postassium deficiency.2) But even in patient 
G. B., in whom the total retention of 13.5 
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mEq. per Kg. was equivalent to that of severe 
cases of infant diarrhea,” diabetic acidosis,” 
or metabolic alkalosis due to starvation or 
ACTH therapy,* the retention of potassium 
produced no diuresis. 

The metabolic alkalosis which was present 
in these patients did not appear to be related 
to abnormalities of potassium or sodium con- 
tent of the intracellular phase, as reported in 
other conditions.**: °° In patient J. B. the ex- 
tracellular bicarbonate concentration fell when 
ammonium chloride was given and rose when 
mercury was given, without significant change 
in cellular sodium or potassium (fig. 5). This 
fits in with the evidence in the previous stud- 
ies that the metabolic alkalosis found in some 
of these edematous cardiac patients is caused 
by the relatively high rate of excretion of 
chloride in respect to sodium during diuresis, 
rather than to a response to primary carbonic 
acid retention or to intracellular cation ab- 
normalities. 

Schwartz and Wallace have reported” that 
when sodium moved into the intracellular phase 
during mercurial diuresis the patients became 
refractory to the drug. When ammonium chlo- 
ride was administered, the sodium left the cells 
as potassium was taken up, and the patients 
again responded to mercury. Exchanges of in- 
tracellular sodium did not appear to play such 
a critical role in the cases reported here. In 
patient G. B. the administration of ammonium 
chloride led to some loss of cellular sodium but 
no diuresis (although mercury was not given 
immediately) (table 2B). In patient J. B. the 
administration of potassium resulted in loss 
of intracellular sodium but did not prevent a 
rise in serum bicarbonate concentration, nor 
did it lead to a diuresis immediately or sub- 
sequently when ammonium chloride and mer- 
curials were given (fig. 5B). Miller'® has stated 
that sodium as well as potassium regularly 
enters cells during diuresis and interprets this 
to mean that these ions leave this phase during 
the development of edema. He suggests that 
primary water retention has occurred with 
movement of sodium from cells to the diluted 
extracellular fluid. Our studies confirm the de- 
velopment of intracellular potassium deficiency, 
but we interpret our data to indicate that 


changes in osmolarity of solutes within the cel] 
are quantitatively more important than trans- 
fers of sodium across the cell boundary. 

The practical therapeutics of the hyponat- 
remic cardiac patient refractory to mercurial 
diuretics remain to be clarified. Certainly some 
of these patients need sodium ion in hypertoi.ic 
solution. Such patients are those with severe 
hyponatremia, with azotemia, and with e:i- 
dence of peripheral vascular collapse: weakness, 
cold sweating, and hypotension. When thi se 
findings are present the authors believe that 
such therapy should be tried. It is impossil\e, 
however, at the present time, to predict whet} er 
such therapy will be successful. We do not know 
enough concerning the other factors involved. 
The factor of time, or speed of therapy, is prob- 
ably very important. Patient R. 8S. may well 
have been lost because the sodium was :d- 
ministered too rapidly. Patient H. W. was 
given hypertonic sodium solution with much 
greater restraint (less sodium over a longer 
period of time); the immediate effect on his 
renal function was much better than in pa- 
tient R. 8S. Perhaps rehydration of cells which 
must result from Schemm’s treatment?® plays 
an important part in the initiation of diuresis. 
A great deal more observation is needed to work 
out the precise therapeutic indications of this 
syndrome. 


SUMMARY AND CONCLUSIONS 


Fifteen balance studies were carried out in 13 
edematous cardiac patients, most of whom were 
hyponatremic, and all of whom had become 
refractory to mercurial diuretics. The majority 
were given hypertonic sodium solution, some 
received potassium, and a few were given both 
ions. 

During control periods in six patients the 
serum sodium concentration fell to even lower 
levels when the patient was in sodium equilib- 
rium or was retaining sodium. 

The administration of hypertonic sodium 
solution resulted in some degree of diuresis in 
only five of 11 patients; in only two was the 
edema completely eliminated. Most of the pa- 
tients developed thirst while still hyponatreniic. 

The administration of potassium, with or 
without sodium, to a few of the patients \vas 











not associated with any diuresis, although po- 
‘assium was retained in the cellular phase. 

It is concluded that while systemic sodium 
lepletion may be present, may be depressing 
he circulation, and may be treated success- 
ully with hypertonic sodium solution, other 
‘actors are involved in this syndrome leading 
o retention of water rather than to loss of 
-alt. Alteration in intracellular osmolarity may 
be one of these. Only when these factors are 
understood will the precise indications for ther- 
epy of this syndrome be known. 
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The Size of the Heart during the Course of 
Kssential Hypertension 


By Morris KLeInFELD, M.D., AND JuLES Reptsu, M.D. 


Changes in cardiac size, as measured by teleroentgenogram, in the course of essential hyperten- 
sion were studied in 45 patients. Although the majority showed progressive cardiac enlargement 
from the discovery of hypertension, a goodly number revealed a stationary cardiac size for 10 or 
more years. Congestive heart failure was found to occur with normal heart measurements. Weight 
loss did not affect a reduction in cardiac size. Normal cardiac measurements for a decade or more 
were not unusual. Marked cardiac enlargement was present in several patients for 10 years with 
little functional limitation. Prognosis on the basis of cardiac size alone was unwarranted. 


HIS study is primarily concerned with 

the changes in the size of the heart 

occurring in the course of essential hy- 
pertension. Factors such as congestive heart 
failure, myocardial infarction, degree and dura- 
tion of hypertension and loss of body weight 
are evaluated in relation to the size of the 
heart. 


MATERIAL AND METHOD 


Patients were chosen from the files of the Adult 
Cardiac Clinic, Third (New York University) Medi- 
‘al Division of Bellevue Hospital. All had essential 
hypertension, that is, persistent elevation of the 
diastolic pressure above 90 mm. Hg with no demon- 
strable cause. No other cause for heart disease was 
present except arteriosclerosis, which was considered 
a complicating factor. All patients were observed 
for five years or more and all had an adequate num 
ber of teleroentgenograms taken over this same 
period. A total of 45 patients fulfilled these criteria. 

This group of 45 patients was arbitrarily divided 
into three categories depending upon the level of 
the blood pressure. Those patients with diastolic 
readings persistently between 90 mm. Hg and 120 
mm. Hg were called ‘‘moderate” and those with 
diastolic readings higher than 120 mm. Hg were 
considered ‘‘marked” hypertensives. Those patients 
who displayed levels that varied considerably in 
the hypertensive range, as defined, were called 
“labile.” 

For the sake of simplicity, cardiac mensuration 
was confined to determination of the maximum 
transverse diameter of the cardiac silhouette in the 
posteroanterior projection. The per cent deviation 
from the normal was obtained by comparing the 
maximum transverse diameter with the predicted 


_From the Adult Cardiac Clinic, Third (New York 
University) Medical Division, Bellevue Hospital and 


the Department of Medicine, New York University 


College of Medicine, New York, N.Y. 


diameter as obtained from the tables of Ungerleider 
and Clark.! Deviations of more than 10 per cent 
were considered abnormal; hearts with transverse 
diameters between 11 and 15 per cent above pre- 
dicted values were called ‘“‘moderately enlarged,” 
those above 15 per cent were considered ‘‘marke:lly 
enlarged.”’ In five patients the weight and height 
were not obtainable from the charts and the cardio- 
thoracic ratio was substituted as a measurement 
with complete realization of its limitations. A ratio 
of more than 1:2 was considered abnormal. Varia- 
tions due to differences in phase of respiration were 
checked by the level of the diaphragm. 

An obvious limitation in a study such as this is 
the inability to state exactly that enlargement is 
present in some borderline x-ray films. Some tele- 
roentgenograms with normal measurements gave 
the impression of enlargement because of the con- 
figuration of the heart; whenever possible this was 
checked by fluoroscopy and the decision regarding 
enlargement was made on the basis of the latter 
finding. Particular attention was paid to the pro- 
gressive changes in the patient’s own series of x-ray 
films and occasionally enlargement definitely took 
place even though the percentage of deviation from 
the predicted value remained within normal limits. 


RESULTS 


1. Sex and Age. Of the 45 patients studied, 25 
were females and 20 males with ages ranging 
from 29 to 66 years at the time of first obser- 
vation. 

2. Period of Observation. When grouped into 
five year periods the following tabulation was 
obtained: 

Observation for 5 to 9 years—18 patients 

10 to 14 14 
15 to 19 - 9 
20 plus - 4 
3. The Size of the Heart in Relation to ti 
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Duration of Hypertension, Congestive Failure, 
i yocardial Infarction and Weight Loss. a. Dura- 
ion of Hypertension and Length of Observa- 


’ BLE 1.—Relationship of Size of Heart in Roentgeno- 
ram to Duration of Hypertension in 45 Patients 


Normal at first 
observation with 
subsequent 
enlargement 


Normal at | Enlarged at 
first observa-) first observa- 
tion with no tion (T.D. 
subsequent +11% or 
enlargement more) 


Years from 
discovery of 
iypertension* 
ED. TD. 
+11%, to, +15% or 
+14% | more 
lto 5 
6 to 10 
11 to 15 
16 to 20 


(i 9 9 11 16 


* With long intervals between x-ray examination, 
time of enlargement was taken as the last year of 
normal measurement plus one. 


TABLE 2.—Effect of Loss of Weight on Size of Heart in 
12 Patients with Essential Hypertension 


Deviation from 
Change predicted trans- 
Degree of in trans- Verse diameter (%) 
Hypertension verse 


2 ig > 
& diameter Before After 


wt. loss | wt. loss 


cm 


—2.4/ +3 | -2 
' 0 —8 +4 

5|+1.0| -—4 | +14 
|(20)| (10) (+1.8)) (+6) | (+27) 
(15)|( 4)|(+1.2) (+27) | (+34) 

35 | 14| +3.0| +6 | +34 

24 —0.2} +2 +7 

20 -1.0) +5 +6 

M &I. | 30 0 0 +7 
M 27 +2.9| —1 | +33 
M 22 —1.0 +10 | +12 

H 20 +3.9/ +10 +50 
M&H 20 —0.8/ +11 | +11 

M «&H | 32! +2.2 


— 
Nouonout} + 


ow 


'I—High (diastolic higher than 120 mm Hg). 
\.—Labile. 
\I—Moderate (diastolic pressure 90 

Mit. Hg). 


tia: The relationship of the size of the heart 
tc the duration of hypertension from its dis- 
covery may be observed in table 1. In the 
a -ence of any previous record of hypertension 
at this hospital or in any other institution, the 


ri) 


date of discovery of hypertension was taken 
from the time of first observation at our clinic. 
The duration of hypertension was undoubtedly 
longer than the period of observation since all 
but two of the patients had hypertension when 
first seen. 

Eleven of the 45 patients had normal cardiac 
measurements throughout observation cover- 
ing a period of 5 to 20 years (table 1). Seven 
of these patients were observed between 10 
and 20 years, and four were observed for 5 to 
10 years. Of those patients showing enlarge- 
ment sometime during the course of this ob- 
servation, 18 had normal measurements when 
hypertension was discovered and the measure- 


TaBLeE 3.—Duration of Life After Appearance of Car- 
diac Enlargement in Six Patients 


Years 

from 

discov- Years 
_ of from 
hy per- aad Liga cardiac 
jhe Cause of death enlarge- 

to ment to 

cardiac death 
enlarge- 

ment 


Heart size Patients 


Enlarged sub- A. P. 6 | CHF 
sequent to dis- es 18 | Myocardial 
covery of hy- infarct 
pertension +B. 8 | CHF 


3 Pneumonia 
4 Sudden 
6 Unknown 


CHF—Congestive heart failure. 


ments remained normal for | to 20 years subse- 
quently. Six of these 18 had normal measure- 
ments from 5 to 10 years; six had normal 
measurements for more than 10 years. Of the 
total of 45 patients, 10 had normal measure- 
ments for 5 to 10 years of observation, and 13 
had normal measurements for more than 10 
years of observation. 

b. Congestive Heart Failure: Fourteen pa- 
tients were in congestive heart failure at some 
time during observation. Five of these 14 pa- 
tients had normal heart measurements prior 
to and following congestive heart failure; in 
three the heart measurements were normal for 
one to four years afterward. Nine of the 14 
had enlargement at the time failure first ap- 
peared and six of these showed subsequent 
progressive enlargement. 
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78 SIZE OF HEART DURING ESSENTIAL HYPERTENSION 


c. Myocardial Infarction: Six of the 45 pa- 
tients had myocardial infarction at some time 
during the period of observation. Two had 
normal heart measurements at the time of 
infarction and both maintained normal meas- 
urements for three years thereafter. Three had 
definite enlargement at the time of myocardial 
infarction. One had slight enlargement after 
infarction but there was no knowledge of his 
previous status. 

d. Weight Loss: Table 2 summarizes the 
pertinent data. In seven patients the transverse 
diameter remained constant or decreased as 
much as 2.4 cm., but six of these had a probably 
insignificant change of 1 cm. or less. The weight 
loss in these seven patients occurred over ¢ 
period of one to eight years with the minimum 
loss being 20 pounds. With a comparable loss 
of weight, five patients had an increase of 
transverse diameter between 1.0 cm. and 3.0 
em. over a period of 5 to 14 years. Complicating 
factors, such as congestive heart failure, myo- 
-ardial infarction or auricular fibrillation did 
not occur during the period of weight loss. 

e. Time and Mode of Death: The data are 
summarized in table 3. Seven patients in this 
series of 45 died. Six of the seven had definite 
cardiac enlargement prior to death; information 
on the seventh was incomplete. 

4. Cases of Special Interest. Six patients were 
selected for individual comment (table 4) be- 
cause of unusual features. 


DISCUSSION 


According to some investigators: * the meas- 
urement of the transverse diameter of the 
heart, when used in conjunction with predic- 
tion tables based on height and weight, yields 
an index which is probably the simplest and 
subject to the fewest errors, provided a uniform 
technical procedure is used. In support of the 
radiographic method has been the finding of a 
mutual relationship when the anatomic and 
roentgenographic measurements were corre- 
lated.* In our study single examinations were 
frequently found inconclusive as to the presence 
or absence of cardiac enlargement. However, 
when x-ray films were taken at intervals, a 
comparison revealed significant changes in size 
in many, indicating cardiac enlargement. The 


chief difficulty in using the measurement of 
the mean transverse diameter was the inability 
to distinguish between early left ventricular 
enlargement and a normal sized but. trans- 
versely placed heart. Although the shape and 
configuration of the heart were helpful, recourse 
had to be made to fluoroscopy for the diffcr- 
entiation. When an over-all comparison ws 
made between x-ray film measurement aid 
fluoroscopy a 20 per cent variation was foun, 
with fluoroscopy often indicating early left ven- 
tricular enlargement in the presence of normal 
x-ray film findings. As one would expect, tie 
difficulty occurred chiefly in those patients with 
borderline measurements. 

It must be realized that regardless of which 
procedure one uses for determining cardiac en- 
largement the criteria will be subject to crit- 
icism. This is true even for gross and 
microscopic anatomic measurements for the 
determination of muscle fiber hypertrophy. 
Clinical methods admittedly fail to determine 
the earliest stages of cardiac enlargement. For 
this reason, we have concerned ourselves chiefly 
with changes in the size of the heart by radio- 
graphic determination rather than with any 
statement regarding the size of the héart at a 
particular stage of hypertensive disease. 

It is apparent from an analysis of the data 
(table 5) that the changes in the size of the 
heart in the course of hypertension do not fit 
any fixed pattern. Although the majority of 
hearts manifested progressive enlargement once 
the hypertensive process was discovered, there 
were a number of patients whose hearts re- 
mained unchanged in size for as long as 10 to 
20 years after the discovery of hypertension. 
(table 6). This occurred regardless of whether 
the heart was normal or enlarged at the time 
of first observation. On the other hand, some 
patients developed sudden enlargement some- 
time during the course of observation. Con- 
gestive heart failure and the onset of auricular 
fibrillation appeared to be associated with ear- 
diac enlargement, although in other patients 
the precipitating factor could not be ascer- 
tained. 

In agreement with the investigations of 
others‘: > this study failed to demonstrate a 
direct relationship between the size of the he: rt 
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an the duration of hypertension. It was not 
unusual to find absence of cardiac enlargement 
even after long periods of sustained hyperten- 
sio1. Others® 7 have also failed to find cardiac 
eniargement after prolonged hypertension in 
some patients. Although the series was small, 
it did appear that acute myocardial infarction 
mizht occasionally result in sudden cardiac 
en'argement, but no definite correlation be- 
tween myocardial infarction and the size of the 
heart could be made. It is of interest to note 
that congestive heart failure complicated by 
acute myocardial infarction may occur in the 
presence of a heart of normal size or with 
minimal enlargement. 

Because of the small number of patients in 
the present series, no significance can be at- 
tributed to the percentage incidence of myo- 


TasLE 5.—Summary of Changes in the Size of the Heart 
in the Course of Essential Hypertension Observed 
for Five to Twenty years 


Size Progres- 
of heart sive 
station- | enlarge- 

ary ment 


Size of heart at 
time of discovery of 
hypertension 


Sudden s 
enlarge- Total 
ment 


Normal. 16 
Enlarged . . ae 8 16 


i . 24 45 


cardial infarction in the course of hypertensive 
heart disease. The true incidence would be 
extremely difficult to ascertain since many pa- 
tients with hypertension, previously asymp- 
tomatic, may die with their initial myocardial 
infaret or may have subsequent normotensive 
readings and therefore not be recognized as 
having hypertensive disease. 

With regard to the presence of congestive 
heart failure, there were normal heart measure- 
ments in five patients with or subsequent to 
heart failure. In some of these, the heart re- 
mained normal for as long as four years after 
col.gestive heart failure occurred. This would 
indicate that the presence of a normal sized 
hes rt by x-ray examination does not exclude 
the diagnosis of congestive heart failure. This 
conclusion is confirmed by pathologic evidence 
gai hered by others who found hearts of normal 
we:cht in the presence of congestive heart fail- 


ure following long standing hypertension.® 
Since, in this last mentioned study, muscle 
fiber hypertrophy was found, it would appear 
that the criteria for ‘cardiac enlargement”’ re- 
quire further clarification both clinically and 
pathologically. The relatively small incidence 
of patients with congestive heart failure in 
this series, may be attributed to the fact that 
not all patients were followed to time of death. 

With regard to the effect of weight loss on 
cardiac size, a review of the data revealed that 
weight loss of 20 to 40 pounds did not result 
in a decrease of the transverse diameter of the 
heart. A recent clinical pathologic correlation 
reported by others® tends to confirm this clinical 
finding. This observation is of particular in- 
terest since it differs from the findings in normo- 
tensive subjects under conditions of malnutri- 


TABLE 6.—Duration of Unchanged Cardiac Size in 
Twenty-one Patients with Essential Hypertension 


Size of heart at time of discov- Number of Years of obser- 
ery of hypertension patients vation 


Normal 1 tod 


6 to 10 
11 to 15 
16 to 20 
Enlarged lto 5 
6 to 10 
11 to 17 


tion and semistarvation in which the heart 
has been found to decrease in size in line with 
the general loss of body weight.’ It would seem 
that the factor of hypertension tends to prevent 
the heart taking part in the general tissue loss 
which occurs in starvation. 

It is difficult to evaluate the finding of cardiac 
enlargement in all of our patients who died. 

The finding in 16 patients having hyperten- 
sive vascular disease with cardiac enlargement 
for more than 10 years is encouraging, but 
since this was a selected study, the significance 
of this finding may be limited. It does not 
militate against the statistical contention that 
essential hypertension is a serious disease cur- 
tailing the life span. 

Caution has been stressed by others when 
evaluating prognosis in patients with hyper- 
tensive disease. Reliance on single measure- 
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ments or on any single sign has been found 
unreliable. This study would also indicate that 
prognosis based upon the size of the heart alone 
is not possible. The finding of a long life span 
with marked cardiac enlargement and the pres- 
ence of a normal size heart following congestive 
heart failure would indicate the unreliability 
of this factor in making a prognosis. 


SUMMARY AND CONCLUSION 


1. The changes in the size of the heart as 
measured by teleroentgenogram in the course 
of essential hypertension in 45 patients have 
been studied and the following conclusions 
reached: (a) From the discovery of hypertension 
the majority of patients (24) showed progressive 
cardiac enlargement regardless of the initial 
measurements. (b) In 18 patients the size 
of the heart remained stationary for as long 
as 10 years or more. (c) In three instances the 
heart manifested sudden enlargement sometime 
during the course of observation and continued 
to progress in size regardless of the initial meas- 
urements. 

2. With regard to the effect of factors such 
as congestive heart failure, myocardial infarc- 
tion, degree of hypertension and weight loss, 
the following facts were noted: (a) Congestive 
heart failure was found to occur with normal 
heart measurements. This was observed in 5 
of 14 patients. (b) No uniform relationship 
could be established between the size of the 
heart and myocardial infarction, although in 
some patients myocardial infarction was fol- 
lowed by sudden cardiac enlargement. (c) 
Weight loss of 20 to 40 pounds did not affect 
a reduction in the size of the heart. d) No 
direct relationship could be established between 


the duration and the degree of hypertension 
and the size of the heart. The finding of normal 
cardiac measurements in the course of hyper- 
tension of a decade or more was not unusval. 
(e) Marked cardiac enlargement was pres«nt 
in four patients for 10 or more years with liitle 
functional limitation. 

3. Prognosis on the basis of the size of ‘he 
heart alone was found to be unwarranted. C ar- 
diac size is only one facet in the clinical picti re. 
The inclusion and evaluation of all factor: is 
important in making a prognosis in essen:ial 
hypertension. 
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Quantitative Studies in Man of the Cardiovas- 
cular Effects of Reflex Vagal Stimulation 
Produced by Carotid Sinus Pressure 


I. Localization of an Increased Effect in 
a Patient with Angina Pectoris 


By Artuur J. LINENTHAL, M.D. 
with the technical assistance of Virginia Marcus, B.S. 


In a two year period the effect of carotid sinus pressure on auriculoventricular conduction in a 70 
year old man with angina pectoris increased markedly. At first, right carotid sinus pressure gave 
only P-R interval prolongation. Two years later, pressure on either side produced dropped beats. 
The maximum effect on the sinoauricular rate remained the same. No other change could be de- 
tected in the patient’s heart during this period. The site of the cause of the increased vagal effect 
was either in the intrinsic cardiac nerves to the atrioventricular node or in the node itself. 


ARKED cardiac effects due to reflex 
M vagal stimulation are frequently ob- 
served following carotid sinus pres- 
sure in patients with various diseases, especially 
coronary artery disease.':* However, the seg- 
ment of the reflex are responsible for hyper- 
activity of the reflex has not previously been 
demonstrated, except in the occasional case 
showing a lesion in the neck near the carotid 
sinus.! 
tepeated studies of the carotid sinus reflex 
over a two year period in a patient with angina 
pectoris, particularly suitable for such studies, 
indicated that the site of an increased vagal 
effect was in the heart; either in the auriculo- 
ventricular node or in the intrinsic cardiac 
nerves to that node. Initially, right carotid 
sinus pressure had no effect on the auriculo- 
ventricular node, whereas left carotid sinus 
pressure produced P-R interval prolongation; 
two years later pressure on either side produced 
dropped beats. During the entire period of ob- 
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servation, the maximum effect on the sino- 
auricular rate from pressure on either side 
remained the same. 

The presentation and analysis of our obser- 
vations in this patient form the basis of the 
present report. 


OBSERVATIONS 


The patient, N.S. (BIH #17498), a 70 year old 
man (in 1948), had been known to have attacks of 
angina pectoris for about 10 years. These attacks 
were usually precipitated by exertion and were 
characterized by a squeezing substernal pain 
radiating down the left arm, relieved by nitro- 
glycerin and by rest. Similar attacks could be 
brought on readily by a two step exercise test. 

The detailed observations reported here were 
made on six days during a three month period (April 
to June) in 1948 and on six days during a three 
month period (June to August) in 1950. With the 
patient in a sitting position, a continuous electro- 
cardiogram (lead II) was taken immediately be- 
fore, during and immediately after the application 
of pressure to either the right or the left carotid 
sinus. Pressure was applied 24 times in 1948, 11 on 
the right and 13 on the left; 54 times in 1950, 32 on 
the right and 22 on the left. At least three or four 
minutes were allowed to elapse between successive 
pressure tests on the same day; this interval has 
been found to be well beyond the time required for 
the electrocardiographic changes produced by 
pressure to disappear. In 1948 each pressure was 
applied for about five seconds; in 1950 for exactly 
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three seconds. In 1948 the observer stood behind 
the patient and, with his fingers over the site of the 
maximum pulsation, massaged the neck and the 
carotid sinus vigorously toward the vertebral 
column. In 1950 manual pressure was applied 
similarly in some instances; in other instances a 
measured-pressure device which will be described 
elsewhere’ was used. The manual pressures in 
1948 and 1950 were of approximately the same 


CARDIOVASCULAR EFFECTS OF CAROTID SINUS PRESSURE 


be measured; dropped beats, therefore, have heen 
grouped as indicating the maximum increase jn 
auriculoventricular conduction time. 

On several occasions the patient noted mild, very 
transient dizziness in association with carotid sinus 
pressure. This occurred particularly in 1950 when 
slowing of the sinoauricular rate together with 
dropped beat sometimes produced ventric 
asystole for as long as three seconds. He gave no 


lar 


nis- 


TABLE 1.—Marimum Effects of Right and Left Carotid Sinus Pressure on the P-P and P-R Intervals 


Right 


Cont.* 


A. 
i; 
Le 
. 
1. 
i 
1. 
1 


* Control before pressure. 

+ Maximum during carotid sinus pressure. 
¢~ Maximum minus control. 

§ Dropped beat. 


intensity; the measured pressures in 1950 varied 
over a wide range, generally being less intense than 
the manual ones. 

Each P-R interval of the electrocardiogram was 
paired with the preceding P-P interval; both in- 
tervals were measured to the nearest 0.01 second. 
Five to ten successive P-P intervals immediately 
before each pressure, varying usually by no more 
than 0.03 second, and the corresponding P-R 
intervals, usually showing no variation, were used 
as controls to determine the changes produced by 
that pressure. For the purposes of this report only 
maximum changes in P-P and P-R intervals are 
considered. Data not included here indicated that 
the greatest P-R interval prolongation before the 
occurrence of dropped beats in this patient was 
0.10 second. Further increase in this effect could not 


| Inc. 


1948 


1950 


Left 
P-P 


| CSP. 


ee ee ee ee ee 





tory, however, of similar spontaneous attacks 
dizziness. 
RESULTS 

Table 1 shows the maximum effects of right 
and left carotid sinus pressure on the rate ol 
impulse formation in the sinoauricular node 
(change in P-P interval) and on the duration of 
auriculoventricular conduction (change in P-R 
interval). 

In 1948 right carotid sinus pressure slowed 
the rate but did not increase auriculoventricu- 
lar conduction time. Left carotid sinus pressure 
in 1948 produced prolongation of the P-R inter- 
val as well as slowing, although dropped beats 
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were never observed. In 1950, however, dropped 
beats were readily produced following either 
rizht- or left-sided pressure. The maximum 
s] wing of rate, on the contrary, from pressure on 
e‘her side remained the same in both years. 


DIscUSSION 


Various factors relevant to the interpreta- 
tion of these data are considered below. The 
conclusion is reached that the increased effects 
o carotid sinus pressure in 1950 as compared 
ti 1948 must have been due to an increased 
scusitivity to reflex vagal stimulation of the 
auriculoventricular node or of the postgangli- 
oie fibers to that node. 

There was no variation in the intensity of 
the pressure in the two periods to account for 
the increased effect. The maximum pressure 
applied in 1950 was of about the same intensity 
as in 1948. The fact that the maximum effect 
on the rate was the same in both years confirms 
the fact that the intensity of maximum vagal 
stimulation reaching the heart from right and 
left carotid sinus pressure remained the same. 

Since the change in our patient between 1948 
and 1950 involved only the auriculoventricular 
node, it was undoubtedly not related to a differ- 
ence in sympathetic inhibition® accompanying 
the reflex vagal stimulation. Variations in this 
mechanism would be expected to affect the 
sinoauricular node as well as the auriculoven- 
tricular node. 

Local alteration in either one or both carotid 
sinuses can similarly be excluded because the 
increased effect involved only the auriculoven- 
tricular node and not the sinoauricular node. 

It is likewise clear that slowing of the sino- 
auricular rate had no causal relation to the in- 
crease in auriculoventricular conduction time. 
The lack of correlation between the P-P and 
the P-R intervals has been described by Schla- 
mowwitz.® Our observations confirm this: follow- 
ing right-sided pressure in 1948, with P-P in- 

vals ranging from 0.78 to 1.42 seconds, the 

igth of the P-R interval was constant at 0.15 

ond, 

Che possibility of crossing of stimuli from 
ii er right or left carotid sinus can be excluded 

\ factor in the increased vagal effect in this 

ient. The data obtained in 1948 indicate 


that there was no significant crossing of stimuli 
to the auriculoventricular node from the right 
to the left. Left-sided pressure produced a 
marked effect on this node, that is, definite P-R 
interval prolongation. However, no effect on 
the P-R interval was produced by right-sided 
pressure at that time. This indicates that, if 
any stimuli did cross from right to left, their 
intensity was below the threshold of the auricu- 
loventricular node. Our data permit no conclu- 
sions regarding crossed effects on the rate. 
However, even if stimuli of sufficient intensity 
to affect the sinoauricular node did cross, 
equally in both directions and to the same ex- 
tent in both periods, the following interpreta- 
tion of our data is not altered. 

On the basis of the above considerations, it 
must be concluded that the observed increase 
from 1948 to 1950 in the effects of right and left 
carotid sinus pressure on the auriculoventricu- 
lar node were due to alterations in that part of 
the reflex are common to the two sides: the 
cardiac postganglionic fibers going to that node, 
or the node itself. 

Localization of the increased effects of ca- 
rotid sinus pressure on the heart, frequently 
observed in older individuals, particularly those 
with evidence of coronary artery disease,!:? 
has not heretofore been definitely established. 
Nathanson’ reasoned that the cause must be 
somewhere on the efferent side of the reflex are, 
because of the variation in the relative magni- 
tude of the cardioinhibitory and vasodepressor 
effects of carotid sinus pressure from one indi- 
vidual to another. Sigler® suggested, without 
supporting data, that changes in the cardiac 
ganglia might explain the reflex hyperactivity. 

Increases in the cardiac effects of carotid si- 
nus pressure have been described in association 
with a number of conditions, including exa- 
cerbation of angina pectoris,’ congestive heart 
failure,!° acute myocardial infarction," ” and 
the administration of several drugs, particularly 
digitalis glycosides.'* None of these were in- 
volved in our patient, whose clinical condition 
over the two year period remained unchanged. 
A number of electrocardiograms taken between 
1948 and 1950 were identical and, except for 
left axis deviation, were within normal limits. 
The blood pressure ranged between 130/70 and 
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190/90 with no constant trend. Red blood cell 
counts, hemoglobin determinations and urine 
examinations were repeatedly normal, and the 
Hinton test was negative. 

Increased sensitivity as a result of anoxia 
may offer an explanation of the observations 
made in our patient. Coronary arteriosclerosis, 
undoubtedly the cause of his angina pectoris,“ 
is associated with diminished blood flow to the 
heart and localized anoxia.'® Changes in sensi- 
tivity have been seen in nerves subjected to 
anoxia!® and, accordingly, in this patient, the 
threshold of the intrinsic nerves to the auricu- 
loventricular node may have been lowered. 
Other studies‘ in this patient and in other pa- 
tients have shown that only a small increase in 
sensitivity may be required to increase mark- 
edly the effect of a given stimulus. It is of 
interest that degenerative changes have been 
described, most recently by Hermann,” in the 
intrinsic cardiac ganglions of patients with 
coronary artery disease. 

Similar considerations could apply to the 
nodal tissue. In this connection it should be 
noted that the control P-R interval, the same 
in 1948 and 1950, was within normal limits. 


SUMMARY 


In a two year period the effect of carotid 
sinus pressure on auriculoventricular conduc- 
tion in a 70 year old man with angina pectoris 
increased markedly. At first, right carotid sinus 
pressure had no effect, whereas left carotid si- 
nus pressure gave some P-R interval prolonga- 
tion. Two years later, pressure on either side 
produced dropped beats. The maximum effect 
on the sinoauricular rate from pressure on either 
side remained the same. No other change could 
be detected in the patient’s heart during this 
period. 

The data indicate that the site of the in- 
creased vagal effect was either in the intrinsic 
cardiac nerves to the auriculoventricular node 
or in the node itself. 
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Mercurial Diuresis in Edematous Individuals 


ly Gerson T. Lesser, M.D., Marcetite F. DunninG, M.D., Freperick H. Epstein, M.D. anp 
Evucene Y. BerGer, M.D. 


The electrolyte and water losses in 75 instances of diuresis following Mercuhydrin were studied in 17 
edematous patients. The Icss of potassium was appreciable following exhibition of the drug to 
patients who retained their dietary sodium almost completely. Occurrence of such clinical symptoms 
as weakness, nausea, and ventricular premature contractions might be attributed to this loss of 
potassium. The fiuid Icst by mercurial diuresis was isotonic with body fluids. The chloride concen- 
tration was fairly constant at 151 mEq. per liter. The concentrations of sodium and potassium were 
more variable, the average concentrations being 97 and 35 mEq. per liter, respectively. Lcss of 
water and electrolyte in these concentrations leaves the patient in relative alkalosis, with a loss of 
intracellular potassium and a gain in intracellular sodium. 


HE effect of mercurial diuretics on the 

renal excretion of electrolytes has been 

thoroughly investigated in the dog and 
in the normal man.'~‘ The electrolyte losses in 
the edematous patient, however, have been 
studied less extensively.*~? There is general 
agreement that in both the normal individual 
and in the edematous patient the diuresis is 
predominantly one of sodium and chloride. 
There is also agreement that potassium excre- 
tion is not increased in normal individuals 
while in the edematous patient an examination 
of the reported data reveals potassium loss of 
varying magnitude.** The present study was 
designed to extend the information concerning 
the relative losses of sodium, potassium and 
chloride following administration of a mercurial 
diuretic in edematous patients and to assess 
the changes in body fluid compartments re- 
sulting from these losses. 


METHODS 


Twenty-four hour losses of water and electrolyte 
were measured following the administration of 
Mereuhydrin to 13 patients with congestive heart 
fuilure and to 4 with ascites due to cirrhosis of the 
liver. In all, 75 diureses were studied in these 17 
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patients. Although the daily intake of sodium was 
approximately 70 mEq., 24 hour specimens prior to 
the administration of Mercuhydrin all contained 
less than 10 mEq, and 55 of the 75 contained less 
than 2 mEq. of sodium. A period of at least four 
days was allowed between injections of the mer- 
curial diuretic in the same patient. The patients 
with congestive heart failure were all receiving 
maintenance doses of digitalis. 

The effect of adjuvants to the mercurial salts 
was also observed. Ammonium chloride, when used, 
was administered continuously as _nonenteric- 
coated tablets in daily doses of 100 mEq. Ammo- 
nium carboxylic resin, when used, was given in dosage 
of 45 Gm. per day.* The exchange capacity of this 
resin in terms of removal of sodium and potassium 
from the body was estimated as 2 mEq. per Gm. 

Ammonium chloride induces acidosis by the 
addition of excess anion to the body pool; ammonium 
cation exchange resin, by depletion of body base, 
particularly potassium.? Whether or not acidosis 
per se potentiates the diuresis is unknown,!° but in 
either instance the adjunct therapy potentiates the 
mercurial diuresis. 

Urine was collected during two consecutive 24 
hour periods. At the beginning of the second period 
2 or 3 ml. of Mercuhydrin was administered intra- - 
venously. In order to express the electrolyte and 
water losses due to the Mercuhydrin the electrolyte 
and water excretion during the 24 hours prior to the 
injection was subtracted from the excretion during 
the 24 hours following mercurial administration. It 
was assumed that extrarenal water losses were the 
same on both days. The electrolyte and water loss 
due to the mercurial injection is regarded as a bloc 
of fluid which is called, for want of a better term, 
the ‘diuretic urine,” and its components, ‘diuretic 


* The resin used (Amberlite IRC-50 of Rohm and 
Haas Co., Philadelphia. Pa.) was kindly packaged 
and supplied in the ammonium form by Smith, Kline 
and French Laboratories, Philadelphia, Pa. 
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water, sodium, potassium and chloride.’’ Because of 
the inherent variability in daily water and electro- 
lyte excretion, the control urine does not precisely 
represent the electrolyte excretion on the day of 
the mercurial if a diuretic had not been adminis- 
tered. This error may be appreciable in small diu- 
reses but is minimized in larger ones. In this report, 
therefore, only those diureses have been included in 
which there was an increase of at least 1000 ec. of 
urine over the previous day’s output. 

Sodium and potassium were determined in an 
internal standard flame photometer,!! chloride by 
the method of Wilson and Ball,” ammonium accord- 
ing to Summerson’s modification of the Van Slyke 
and Cullen procedure." 


The mean increase in urinary chloride (di- 
uretic chloride) was 425 mEq. Chloride did not 
appear in the urine exclusively as the sodium 
salt. The average diuretic sodium was 2s] 
mkq., the average diuretic potassium 92 mE}. 
Diuretic potassium ranged from 7 to 200 mE y, 
The largest potassium losses occurred in those 
diureses where the patient received ammonium 
chloride. The patients receiving resin did not 
lose as much potassium in the urine as thcse 
receiving ammonium chloride, but they weie, 
at the time of mercurial administration, losing 
potassium in the stool.° 


TaBLeE 1.—Electrolyte Excretion in Diuretic Urine Following Mercuhydrin 


No. of 
Adjunct therapy obser- 


vations Diuretic Diuretic Diuretic 
water chloride sodium 


ml. mEq. mEq. 


None ...... be 2396 359 245 
Ammon. chloride. 6 2858 440 266 
3215 471 314 


2855 425 281 
1127 152 135 
40 36 48 


OBSERVATIONS 


Seventy-five diureses following the admin- 
istration of Mercuhydrin were studied in pa- 
tients who were accumulating fluid. The mean 
increase in urinary volume over the previous 
day’s excretion (diuretic water) for the entire 
group was 2855 ml. (table 1). There is no sig- 
nificant statistical difference between the mean 
diuretic water in the groups with and without 
adjunct therapy (ammonium chloride or resin). 
Since diuretic volumes under 1000 cc. have 
been excluded from this series, a comparison of 
these mean volumes should not be interpreted 
as meaning that the adjunct therapeutic agent 
was ineffective. Ammonium chloride or resin 
usually potentiated the response to Mercuhy- 
drin in a given patient in whom diuretic water 
would have been less than 1000 cc. without ad- 
junct therapy. Moreover, cation exchange resin 
often potentiated the diuresis when ammonium 
chloride failed to do so. 


Mean 24 hour losses 


Mean concentration in diuretic urine 


Diuretic 
potassium 


Sodium and 


otassi . 
Potassium potassium 


Chloride Sodium 


mEq. mEq./L mEq./L mEq./L mEq./L 


77 151 99 36 135 
128 157 90 49 139 
87 149 99 28 127 


92 97 132 
44 25 22 
26 17 


The relationship of sodium and potassium 
losses to chloride loss is illustrated by 20 di- 
ureses which were selected from the group to 
cover the range of chloride losses (fig. 1). Al- 
though most of the chloride may be accounted 
for as the sodium and potassium salt, the 
equivalents of chloride are usually in excess of 
the equivalents of sodium and potassium. There 
is probably a small increase in the excretion of 
other cations to balance the diuretic chloride 
excretion. An attempt was made to account for 
this relative cation deficit. The pH of the urine 
varied less than +0.5 pH units between the 
control and diuretic day in 37 of 62 observa- 
tions. In the other 25 observations the pH 
shifted 1 to 2 units to the acid side. A shift of 
1 to 2 pH units at pH values of 5.0 or 6.0, how- 
ever, contributes only negligibly to free hyd) o- 
gen ions in the urine. In 27 of 62 observations 
the ammonia excretion was the same (+ 30 
mEq.) on the control day as on the day of the 
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nercurial, but increased more than 30 mEq. in 
3.3 diureses. It may be that caleium and mag- 
sium appear in increased amounts as well.*: § 


700 


SODIUM 
POTASSIUM 


MEQ PER 24 HOURS 
uw be 
‘a 


SODIUM AND POTASSIUM 
nr 
° 
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300 400 
CHLORIDE 

MEQ PER 24 HOURS 
Fic. 1.—Sodium, potassium and chloride excretion 
following Mercuhydrin (increase over previous 24 
hours). 0, no adjunct; A, ammonium chloride; R, 


500 600 


constant for all diureses and independent of the 
extent of the diuresis and of the adjunct 
therapy (fig. 2). The mean concentration of 
chloride in diuretic urine was 151 mEq. per 
liter +14 per cent* (table 1). When sodium 
and potassium losses are compared with water 
loss it was found that the mean sodium concen- 
tration was 97 mEq. per liter and the mean po- 
tassium concentration 35 mEq. per liter, but 
the individual values varied considerably (+ 26 
and +43 per cent respectively). The sum of 
the sodium and potassium concentrations, how- 
ever, had about the same variability (+17 per 
cent) as the chloride. 

When chloride is removed from the body in 
concentration of 151 mEq. per liter, sodium in 
concentration of 97 mEq. per liter and _ po- 
tassium in concentration of 35 mEq. per liter, 
changes in the plasma concentration of the 
electrolytes may be anticipated. Plasma _ so- 
dium, potassium and chloride were therefore de- 
termined at the time of mercurial administra- 
tion and again 24 hours later in 13 diureses in 6 
patients (table 2). Plasma chloride fell in every 
instance!*—'8; the average fall was 5.1 mEq. per 


resin. liter. Plasma potassium remained unchanged 


or fell slightly. Sodium values did not change 
significantly. 


When the chloride loss is plotted against water 
loss for the 75 mercurial injections, it becomes 
clear that the chloride concentration is quite 


* 100 o/ mean. 


TaBLE 2.—The Effect of the Electrolyte Losses following Mercuhydrin on Plasma Electrolyte Concentrations 


Change in —°* 
plasma sodium 
concentration 


Plasma chloride | Plasma chloride 
before | 24 hrs. after 
Mercuhydrin Mercuhydrin 


Change in 
plasma chloride | 
concentration | 


Diuretic 
chloride 


Diuretic 
water 


iuresis Adjunct therapy 


potassium 
concentration 


ml./24 hrs. | mEq./24 hrs. 
2120 312 
1490 222 
1840 290 
2400 344 
1690 222 
1340 181 
2360 356 
2040 331 
1340 231 
1560 236 
3020 432 
3190 438 
2320 364 


mEq./L. mEq./L. mEq./L. 
—1.8 —0.7 
—1.2 0.0 
—3.8 —0.7 
0.0 —0.3 
0.0 0.0 
—2.6 +0.1 
+1.6 —0.4 
0.0 —0.1 
0.0 —1.2 
—4.6 —-0.6 
—1.6 —1.4 
+3.4 
—1.8 


mEq./L. 
110.5 
115.0 
114.8 
112.0 
114.8 
110. 

104. 

113. 

111. 105. 
116. 108 
103. 95. 
104. 94. 
108. 


mEq./L. 
109.2 
112.8 
112.0 
109. 
Ft. 
106. 
100.3 
109. 


Ammon. chloride 
None 
Ammon. chloride 
None 

| None 
None 
None 
None 
Ammon. chloride 
Ammon. chloride | 
Ammon. chloride 
Ammon. chloride 
Ammon. chloride 


ee e e we 
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MERCURIAL DIURESIS IN EDEMATOUS INDIVIDUALS 


DIscUSSION 


Appreciable potassium losses following mer- 
curial administration have not ordinarily been 
observed in normal individuals.': * Edematous 
patients studied in this laboratory who still 
have the capacity for excreting a fair propor- 
tion of dietary sodium in the urine also do not 
lose significant amounts of potassium. The pres- 
ent group of patients, who were, however, ex- 
creting negligible amounts of dietary sodium 
in the urine, invariably lost potassium follow- 
ing the use of a mercurial diuretic. The distinc- 
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ML PER 24 HOURS 

Fic. 2.—Chloride and water excretion following 
Mercuhydrin (increase over previous 24 hours). ,-, 
tion between these two types of reaction to 
Mercuhydrin was also observed in a single indi- 
vidual who was not included in the series be- 
cause she did not consistently excrete less than 
10 mEq. of sodium per day. During the course 
of congestive heart failure in this patient there 
were periods when more sodium was excreted 
in the urine than at others. When, on a diet 
containing 70 mEq. of sodium, daily urinary 
sodium excretion was 40 to 60 mEq., there was 
little change in potassium excretion (—17 to 
+2) mEq.) following Mercuhydrin. On other 
occasions on the same diet, when the daily 


urinary sodium was less than 10 mEq., the 
diuretic potassium ranged from 60 to 150 mEq. 

In view of these considerable losses of po- 
tassium, in one instance 200 mEq. (7 per cet 
of the total potassium content of the body”), tie 
reasons for some of the untoward signs and 
symptoms which may follow the injection of 
mercurial diuretics should be reconsidered. Tie 
weakness and nausea which sometimes follcw 
a large diuresis have usually been attributed :o 
sodium depletion®®: *! but may be related to the 
lossof potassium. The occurrence of arrhyt1- 
mias after mercurial diuresis in digitaliz:d 
patients, usually attributed to mobilization of 
digitalis from edema fluid®-** may also be due 
to potassium depletion. A relationship betwen 
digitalis toxicity and available potassium has 
been reported.?>: *6 Additional evidence for a 
relationship between the occurrence of arrhyth- 
mias and potassium depletion has been ob- 
served in this laboratory. Patients in congestive 
heart failure receiving ammonium or hydrogen 
cation exchange resin lose large amounts of po- 
tassium in the stool. When these patients are 
on maintenance doses of digitalis, it is not 
uncommon for them to develop premature con- 
tractions. The abnormal rhythm may bé termi- 
nated by administering potassium or by with- 
drawing the resin or digitalis.”” 

It has been observed (fig. 2) that the mean 
concentration of chloride in the diuretic urine 
was 151 mEq. per liter. This concentration of 
chloride is essentially isotonic with body 
fluids.” ?® Thus a bloc of fluid has been lost 
during the diuresis which leaves the tonicity 
of body fluid unchanged but alters the concen- 
trations of individual ions. 

The concentrations of sodium, potassium and 
chloride in the diuretic urine yield certain in- 
formation concerning their origin. The concen- 
trations of potassium and of chloride are greater 
and that of sodium is less in diuretic urine than 
in extracellular fluid. If all the electrolytes and 
water came from extracellular fluid alone, it 
would be expected that plasma chloride and 
potassium would fall following Mercuhydin 
while plasma sodium would rise. The mean full 
in plasma chloride was of the magnitude one 
would expect if water with chloride in a ecn- 
centration of 151 mEq. per liter is 'e- 
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moved from extracellular fluid with a concen- 
tration of chloride of 110 mEq. per liter.* Thus 
th: chloride and water loss following Mercu- 
hy lrin can be accounted for as originating en- 
tircly from extracellular sources. In fact, if sig- 
nificant amounts of water had come from 
intracellular sources of low chloride concen- 
tration, the high concentration of chloride in 
the urine would be difficult to explain. (The 
possibility remains that some portion of the wa- 
ter loss may come from intracellular sources of 
high chloride concentration. Skin has been ob- 
served to have an unusually high concentration 
of chloride.**) 

The fall in plasma potassium, however, is by 
no means great enough to account for the po- 
tassium loss as coming from the extracellular 
fluid alone. Indeed, the potassium loss in cer- 
tain diureses was larger than the total calcu- 
lated amount of extracellular potassium, so that 
intracellular loss of potassium seems unques- 
tionable. The concentration of sodium in the 
diuretic urine is less than that in the extra- 
cellular fluid and a rise in serum sodium might 
be expected. Since this was not observed, so- 
dium presumably entered the intracellular fluid 





«If the water and chloride losses following the 
mercurial diuresis are accepted as coming from the 
extracellular fluid, the volume of the extracellular 
fluid may be calculated from the relationship 


Poi, X ECF = Po, (ECF — V) — Ua 


where Pci, is the plasma concentration of chloride 
at the time the mercurial was administered and Pci, 
is the plasma concentration of chloride 24 hours later; 
ECF is the volume of extracellular fluid prior to 
diuresis; V is the 24 hour water loss and Uc: is the 
chloride loss due to the mercurial (increase of water 
and chloride over previous day’s excretion). 

The actual application of this formula to individual 
experiments is dependent to a great extent upon the 
accuracy with which plasma chloride can be analyzed. 

‘he analysis is only accurate to 1 mEq. per liter, 
error is appreciable when falls in plasma chloride 
in the range of 2 to 3 mEq. per liter. The error is 

 portionately less when the fall in plasma chloride 
reater. Analytic errors are minimized when the 
av. rages of the group are studied. In applying the 

» ve formula to the means of the group the mean ex- 

: ellular fluid may be estimated as 17 liters. This 

ie is in keeping with the more recent concepts of 

th size of the normal extracellular space (10 

lit. rs) ,8°-82 7 liters being a reasonable estimate of the 
de: ree of edema. 


in exchange for intracellular potassium, the 
loss of which has already been indicated. Thus, 
the mercurial diuresis in a patient who is ac- 
tively accumulating edema fluid leaves the pa- 
tient relatively alkalotic, with a loss of intra- 
cellular potassium and a gain in intracellular 
sodium.* 


SUMMARY 


The electrolyte and water losses in 75 in- 
stances of diureses following Mercuhydrin were 
studied in 17 edematous patients. 

The loss of potassium was appreciable fol- 
lowing the injection of Mercuhydrin to pa- 
tients who almost completely retained their 
dietary sodium. Occurrence of such clinical 
symptoms as weakness, nausea, and ventricular 
premature contractions might be attributed to 
this loss of potassium. 

The fluid lost by mercurial diuresis was iso- 
tonic with body fluids. The chloride concentra- 
tion was fairly constant at 151 mEq. per liter. 
The concentrations of sodium and potassium 
were more variable, the average concentrations 
being 97 and 35 mEq. per liter, respectively. 
Loss of water and electrolyte in these concen- 
trations leaves the patient in relative alkalosis, 
with a loss of intracellular potassium and a gain 
in intracellular sodium. 


ACKNOWLEDGMENT 


The authors wish to express their indebtedness to 
Dr. Gabrielle Reem for clinical aid and to Roslyn 
Jackenthal, Donald Behr and Gertrude P. Quinn 
for able technical assistance. 


REFERENCES 


1 Biumeart, H. L., Giuuiean, D. R., Levy, R. C., 
Brown, M. G., anp Votk, M. C.: Action of 
diuretic drugs. I. Action of diuretics in normal 
persons. Arch. Int. Med. 54: 40, 1934. 

2 Duaean, J. J., aND Pirrs, R. F.: Studies on diu- 
retics. I. The site of action of mercurial diuretics. 
J. Clin. Investigation 29: 365, 1950. 

3 Pirrs, R. F., anp Duaean, J. J.: Studies on diu- 
retics. II. The relationship between glomerular 
filtration rate, proximal tubular absorption of 
sodium and diuretic efficacy of mercurials. J. 
Clin. Investigation 29: 372, 1950. 


* On the basis of balance studies in six patients 
with congestive heart failure, similar conclusions 
have been recently reported in abstract form by 
Schwartz and Wallace.** 





90 MERCURIAL DIURESIS IN 


4Keiru, N. M., anp WHELAN, M.: A study of the 
action of ammonium chloride and organic 
mercury compounds. J. Clin. Investigation 3: 
149, 1926. 

5 Btumeart, H. L., Gmuiigan, D. R., anp Vouk, 
M. C.: Action of diuretic drugs. Il. Effect of 
diuretic drugs on the acid-base equilibrium of 
the blood in patients with cardiac edema. 
Medical Papers Dedicated to Henry Asbury 
Christian, Baltimore, Waverly Press, 1936. P. 
191. 

®FarnswortH, E. B., anp Krakusin, J. S.: 
Electrolyte partition in patients with edema of 
various origins. Qualitative and quantitative 
definition of cations and anions in hepatic 
cirrhosis. J. Lab. & Clin. Med. 33: 1545, 1948. 

7Grices, D. E., anp Jouns, V. J.: Influence of 
mercurial diuretics on excretion of sodium, 
potassium and chlorides. California Med. 69: 
133, 1948. 

8 BERLINER, R. W., Kennepy, T. J., JR., AND 
Hitron, J. G.: Renal mechanisms for excretion 
of potassium. Am. J. Physiol. 162: 348, 1950. 

*Trwin, L., BercrErR, FE. Y., RosenBERG, B., AND 
JACKENTHAL, R.: The effect of a cation exchange 
resin on electrolyte balance and its use in 
edematous states. J. Clin. Investigation 28: 
1403, 1949. 

10 AXELROD, D. R., Capps, J. N., AND Pirts, R. F.: 
Potentiation of diuretic action of salyrgan by 
ammonium chloride. Federation Proc. 9: 6, 
1950. 

1 Barnes, R. B., RicHarpson, D., Berry, J. W., 
AND Hoop, ke. L.: Flame photometry. A rapid 
analytical procedure. Ind. & Eng. Chem. 
(Anal. Ed.) 17: 605, 1945. 

2 Wiison, D. W., ano Batu, E. G.: A study of the 
estimation of chloride in blood and serum. J. 
Biol. Chem. 79: 221, 1928. 

3 Hawk, P. B., Oser, B. L., AND SUMMERSON, 
W. H.: Practical Physiological Chemistry, 
ed. 12. Philadelphia, Blakiston, 1947. P. 828. 

14 CRrawrorpb, J. H., anp McInrosu, J. F.: Observa- 
tions on the use of Novasurol in edema due to 
heart failure. J. Clin. Investigation 1: 333, 1925. 

15 NorHMAN, M.: Beobachtungen bei der Salyrgan- 
diurese. Ztschr. f. klin. Med. 120: 158, 1932. 

16 Harris, I., Rupin, E. L., anp LAWRENCE, J. S.: 
Salyrgan and ammonium chloride as diuretics 
in cardiac oedema. Acta Med. Seand. 83: 23, 
1934. 

% Bouyoucos, B. G.: 


La chlorurie, V’hydrurie, la 
chlorémie et l’hydrémie au cours de la diurése 
par les sels mercuriels organiques. Compt. 
rend. Soc. de biol. 115: 1170, 1934. 


18 Stockton, A. B.: Actions of diuretic drugs and 
changes in metabolites in edematous patients. 
Arch. Int. Med. 58: 891, 1936. 

19 Corsa, L., Jr., OLNEY, J. M., Jrn., STEENBURG, 


EDEMATOUS 


S INDIVIDUALS 


R. W., Batt, M. R., anp Moores, F. D.: The 
measurement of exchangeable potassium in m:n 
by isotope dilution. J. Clin. Investigation 29: 
1280, 1950. 

0 Pott, D., AND Stzrn, J. E.: Untoward effects of 
diuresis with special reference to mercuri.| 
diuretics. Arch. Int. Med. 58: 1087, 1936. 

*! Ben-ASHER, S.: On the toxicity of the mercuri+! 
diuretics: Observations on eighteen cases wit! 
suggestions for the prevention of toxic reaction 
Ann. Int. Med. 25: 711, 1946. 

*~ Miuuer, G. H., aNp Suira, F. M.: The presen e 
of digitalis in edema fluid and its possil e 
clinical significance. J. Clin. Investigation 1): 
666, 1931. 

3 SCHNITKER, M. A., aND LeEvINE, S. A.: Presence 
of digitalis in body fluids of digitalized patient». 
Arch. Int. Med. 60: 240, 1937. 

4 Kissang, R. W., anp Koons, R. A.: Spontaneous 
redigitalization following rapid diuresis in 
congestive heart failure. Tr. Am. Therap. Sov 
29: 111, 1940. 

“5 SAMPSON, J. J.. ALBERTON, E. C., aNnpD Konpo, 
B: The effect on man of potassium administra- 
tion in relation to digitalis glycosides, with 
special reference to blood serum potassium, the 
electrocardiogram and ectopic beats. Am. Heart 
J. 26: 164, 1943. 

26 FRIEDMAN, M., anp Bing, R., Jr.: Observations 
concerning the influence of potassium upon the 
action of a digitalis glycoside (lanatoside C). 
Am. J. M. Se. 214: 633, 1947. 

7 BERGER, E. Y., Dunninea, M. F., 
G. T.: Unpublished observations. 

°8 Perers, J. P.: Body Water. Springfield, Charles 
C Thomas, 1935. 

*9 GAMBLE, J. L.: Chemical Anatomy, Physiology 
and Pathology of Extracellular Fluid. Cam- 
bridge, Harvard University Press, 1947. 

30GaupINOo, M., Scuwartz, I. L., ann Levit, 
M. F.: Inulin volume of distribution as a meas- 
ure of extracellular fluid in dog and man. 
Proc. Soc. Exper. Biol. & Med. 68: 507, 1948. 

31 Scuowartz, I. L., Breep, E. 8., aNnD MAxweELL, 
M. H.: Comparison of the volume of distribu- 
tion, renal and extrarenal clearances of inulin 
and mannitol in man. J. Clin. Investigation 29: 
517, 1950. 

® Bercer, E. Y., Dunnine, M. F., Sreewe, J. M., 
JACKENTHAL, R., aND Broptr, B. B.: Estima- 
tion of intracellular water in man. Am. J. 
Physiol. 162: 318, 1950. 

33 EISELE, C. W., AND EICHELBERGER, L.: Water, 
electrolyte and nitrogen content of human 
skin. Proc. Soc. Exper. Biol. & Med. 58: ‘7, 
1945. 

34 Scuwartz, W. B., anp Watuace, W. M.: (b- 
servations on electrolyte balance during mer- 
curial diuresis in congestive heart failure. J. 
Clin. Investigation 29: 844, 1950. 


AND LESSER, 





Norepinephrine and Epinephrine Effect on 


Renal Hemodynamics 


With Particular Reference to the Possibility of Vascular 
Shunting and Decreasing the Active Glomeruli 


By Joun H. Moyer, M.D., anp Carrot A. HANDLEY, Pu. D. 


Because increasing evidence suggests that renal ischemia resulting from various stress states 
plays a major role in the etiology of lower nephron nephrosis, the renal hemodynamic effect of 
continuous infusions of norepinephrine and epinephrine was studied in dogs. The primary response 
was a decrease in renal blood flow. As the rate of infusion was increased, a progressive decrease 
in the number of functioning glomeruli followed. Despite the decrease in renal blood flow, there 
is no evidence to indicate arteriovenous shunting mechanisms. 


EMORRHAGIC or traumatic shock 
causes a disproportionate decrease be- 
tween renal blood flow and cardiac 

output.! This probably represents a protective 
mechanism for redistribution of blood to more 
vital areas. Increasing evidence suggests that 
the renal ischemia thus produced plays a major 
role in the etiology of lower nephron nephrosis 
and its attendant renal insufficiency.?: * The 
alterations in renal hemodynamics under these 
circumstances may be mediated via the sympa- 
thetic nervous system directly or indirectly 
through the release of epinephrine or other 
vasopressor substances,‘ since peripheral vaso- 
constriction due either to sympathomimetic 
drugs*-* or to sympathetic nerve activity?: ~~" 
depresses renal blood flow. Associated with the 
decrease in renal blood flow there may be a de- 
crease in glomerular filtration rate.? Whether or 
not this is due to a proportional decrease in fil- 
tration in all glomeruli, or due predominantly 
to a decrease in the number of active nephrons, 
ius not been clearly demonstrated. Some in- 
vestigators have presented evidence to indicate 
thst all glomeruli are continuously perfused 
' h blood and disclaim the possibility that the 
nber of active nephrons can either be in- 
ased or decreased in mammals." Others have 
ud evidence to suggest changing numbers of 
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active nephrons.'*~'> Trueta'® has gone so far as 
to suggest that under conditions of stress, entire 
areas of the renal cortex may be shunted out 
of the circulation due to subcortical or juxta- 
medullary arteriovenous bypasses. The follow- 
ing report is concerned with an evaluation of 
the renal hemodynamic effects of epinephrine 
and norepinephrine. Evidence is presented to 
indicate that the number of active glomeruli is 
decreased following the administration of both 
epinephrine and norepinephrine to dogs, but at 
the same time there is no evidence to indicate 
arteriovenous shunting mechanisms. 


METHODS 


Two groups of female dogs weighing between 10 
and 20 Kg. were studied. One group consisting of 
nine dogs received a constant infusion of epinephrine 
(1:100,000 dilution) and seven received an infusion 
of norepinephrine* (1:100,000 dilution). Four dogs 
in the first group and three in the second were trained 
dogs and received no anesthesia. The others were 
anesthetized with chloralose (100 mg. per Kg.), 
which seems to have a negligible effect on renal 
function.!” A venous catheter was passed through 
the external jugular vein into the left renal vein with 
the aid of a fluoroscope so that renal extractions 
(A—V) of creatinine and paraaminohippurate (PAH) 
could be determined. Renal plasma flow (RPF) 
could thus be calculated by the Fick principle 
(RPF = UV/A—V) using both creatinine and 
PAH extractions. Glomerular filtration rate (GFR) 
was determined by the creatinine clearance (GFR = 


* Supplied through the courtesy of Mr. Kenneth 
M. Smoot, Winthrop-Stearns, Inc. 
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UV/A). Maximum tubular reabsorptive capacity maximum tubular reabsorption of glucose were 


= % T y y . . . . 
for glucose (Tm, = GFR x A — UV) was de- all within normal limits.’ After glucose was 
termined. Because glucose has been observed to 


depress paraaminohippurate extraction!® by the renal added to the infusion, there sad a reduction 
tubules, control values for glomerular filtration rate in paraaminohippurate extraction of 10 to 20 
(creatinine clearance) and renal plasma flow (para- per cent.!”7 However, after the initial depression 


aminohippurate and creatinine extractions) were there seemed to be no further reduction regard 
established before and after glucose was added to 


the infusing solution. After the control periods were less of the time interval. In a few of the ex>eri- 
completed, the infusion of epinephrine or norepi- ments, there was considerable random vari: tion 


nephrine was started. The rate was regulated so that between the creatinine- and paraaminchip. 
there was a definite and sustained increase in sys- : rs 

: 7 ourate-determined renal plasma flow.® | Jsu- 
temic blood pressure of 10 to 20 mm. Hg. At least —_ - . 


two periods were then run after which the. infusion ally the values obtained by the two different 
rate was increased and the process repeated. Studies methods agreed within 15 per cent. Values for 


TaBLeE 1.—Response of Kidney Functions io Increasing Rate of Infusion of Intravenous Epinephrine 


Dog No. UV/min.*| GFRt | RPFt | RBF§ FF MBP** | RVRtt batts 


cc./min. cc./min. cc./min. cc./min,. mm. Hg 


Epi. 3 
Cont... PE n't Ch task ee ‘ ‘ 196 ‘ ; 115 
Epi. 
(10y/min.)........ Ye sf : 126 i « 140 
Epi. 
(307/min.) . ace : : 95 .39 170 
Off Cee ENE ais aout 2 155 27: .82 80 


*UV = Urine Volume—cc./min. 

+ GFR = Creatinine Clearance—glomerular filtration rate expressed in cc./minute. 
TV > 

t RPF = Renal Plasma Flow = Y a 

RPF 

1-Het’ 

GFR 

RPF’ 

** MBP Mean Blood Pressure—Direct arterial mercury manometer. 

MBP 

RBF’ 


§ RBF = Renal Blood Flow = 


|| FF = Filtration Fraction = 


Tt RVR Renal Vascular Resistance = 


tt PAH Ext. = “V, 


§§ Het = Hematocrit. 


on successive periods during increasing increments renal plasma flow as determined. by the para- 
of sympathetic effector organ stimulation were thus aminohippurate method are the ones used in 
obtained. Bladder washes of distilled water were th gg TT SR ee 
used in all but two dogs (Epi. 8 and 9) in group I. In = pone aes. ae Pp P 
these the ureters were catheterized in order that epinephrine were administered, the rome 
renal function could be studied on each kidney for plasma flow decreased progressively and in- 
comparative purposes. A needle in the femoral artery versely to the rise in blood pressure as the rate 
was connected to a manifold for withdrawing arte- of infusion was increased. Initially, the glo- 
rial blood samples and recording mean blood pres- sialic Milas niiliin. dliiameaadl elas Uldiie i 
sures. Chemical methods and technics employed ae alk an ee 2 8 : oe 

have been described .'2 sulting in an increased filtration fraction. As 
the renal plasma flow decreased further, the 
glomerular filtration rate dropped off equally 
During control periods, the values for glo- and progressively. A representative case sl ow- 


merular filtration rate, renal plasma flow and ing this response is seen in table 1. This patéern 
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was seen in eight out of nine dogs which re- 
ceived epinephrine, and four out of seven which 
reece ved norepinephrine. In the others, the fil- 
traton fraction did not change significantly 
since both glomerular filtration rate and renal 
plasma flow decreased proportionally, both in- 
itial y and with the more rapid rate of infusion. 

Tie effects of epinephrine (dogs Epi. 1 to 
Epi. 9) and norepinephrine (dogs Nor. 1 to 
Nor. 7) on all renal functions studied are sum- 


be no difference in response between anesthe- 
tized and unanesthetized dogs, or between left 
(renal vein catheterized) and right (uncathe- 
terized) kidneys (dogs Epi. 8 and 9). 
Depression of the glomerular filtration rate 
was associated with a parallel decrease in urine 
volume (UV) and except for a few instances, 
the ratio GFR: UV was quite constant. During 
the course of increasing the rate of infusion of 
epinephrine and norepinephrine, maximal tubu- 


[ABLE 2.—Effect of Epinephrine and Norepinephrine on Renal Clearance Studies Expressed as Per Cent 
of Control Values 


Dog No.* Urinet GFRt RPF{ | RBFt 


80 46 | 52 
65 69 79 
63 71 58 
40 29 ‘ 34 

64 55 
37 47 | 49 

47 44 


24 | 22 | 27 
9 | 15 | 21 


49 60 38 | 40 
43 48 | 35 38 

44 47 | 38 | 45 

53 | 40 | 43 43 

40 70 | 64 | 70 

67 72 | 72 | 75 

45 63 | 61 63 

81 | 61 | 74 

56 | 43 | 22 28 

16 27 | 14 | 16 

Mean 51 | 57 48 | 53 


134 


MBP} 


135 

125 

148 250 
140 410 
129 238 
136 280 
125 270 


610 
790 


145 | 364 
155 | 435 


143 370 


165 | 340 
125 | 180 
158 | 215 
155 | 256 
140 | 192 
180 | 640 
123 | 770 | 
149 | 370 | 


* [jpi. 1-9 received epinephrine infusion and Nor. 1-7 received norepinephrine infusion. 


+ See table 1 for key to abbreviations. 


t Tubular maximum for glucose = GFR X Art. Cone. — UV 


marized in table 2. The results are expressed in 
percentage of control values considering the 
control figures as 100 per cent. Values which 
demonstrated definite changes in renal func- 
tion but at the same time were most reproduci- 
ble luring successive study periods, were the 
one: chosen for this table. The relationship be- 
twe-n glomerular filtration rate and tubular 
maximum for glucose is graphed in figure 1. 
The study periods not included in Table 2 are 
also included in this graph. There appeared to 


lar transport of glucose did not seem to be 
closely related to renal plasma flow, although 
there were similar directional changes. How- 
ever, there was a close relationship between the 
reduction in tubular maximum and glomerular 
filtration rate with the reduction in the former 
lagging somewhat behind the latter. This re- 
sulted in a slightly reduced, but otherwise con- 
stant, GFR:Tm, ratio. When the tubular max- 
imum is plotted against glomerular filtration 
rate during increasing rates of infusion there is 
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little scatter, and the mean lies just slightly 
above the true median (fig. 1). At the point 
where renal function is markedly depressed, the 
tubular maximum for glucose, renal plasma 


NOREPINEPHRINE - EXPRESSED IN PERCENT OF CONTROL VALUE 





m6 Control Value = 100 ¥ 


ImG - fercent of Control 
BOOT = TOA 704JUD AIO 





, 
6 30 903040 20 409000 
Glomerular Filtration -Fercent of Control 

Fic. 1. Relationship of glomerular filtration rate 
to maximum tubular reabsorption of glucose, ex- 
pressed in per cent of control value. O, GFR is plotted 
against Tm, after epinephrine infusion, same study 
periods as recorded in table 2. @, GFR is plotted 
against Tm, after norepinephrine infusion, same 
study periods as recorded in table 2. X, GFR is 
plotted against Tm, after epinephrine and norepi- 
nephrine. These study periods are from the same ex- 
periments but represent study periods during varying 

rates of infusion not included in table 2. 
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flow, and glomerular filtration rate appear to 
have decreased to about the same degree (ta- 
ble 2). 

In order to evaluate the effect of adrenergic 
blockade, imidazoline hydrochloride (Rogi- 
tine)* was administered to seven dogs, follow- 
ing which norepinephrine was administere: to 
two and epinephrine to five. Infusion rates v ere 
those which had previously caused a decrvase 
in renal plasma flow to 70 per cent or less of 
the control values. After the blockade, the in- 
fusion of norepinephrine had no significan’ ef. 
fect on blood pressure or renal function. EH ow- 
ever, epinephrine resulted in a marked dro» in 
blood pressure (epinephrine reversal). The crop 
was so marked in two of the five dogs that ac- 
curate renal function studies were not possible 
due to the decreased filtration pressure and 
resultant oliguria. The vasodilatory effect on 
the other three dogs was not as marked. One 
of these showed essentially no change, but the 
other two experiments were quite instructive 
and the results are consequently recorded in 
table 3. In these the renal plasma flow did not 
change significantly but the glomerular filtra- 
tion rate decreased about 50 per cent, most 
likely a reflection of low hydrostatic’ pressure 
within the glomeruli. Both dogs showed a clear- 
cut reduction in functioning tubular mass when 


* Supplied through the courtesy of Dr. Jock L. 
Graeme, Ciba Pharmaceutical Products, Ine. 


TaBLE 3.—Response of Renal Hemodynamics to Epinephrine before and after Adrenergic Blockade 


Dog No. uv* GFR* RPF* 


cc./min. cc./min. cc./min, 
Epi. 1 
Cont 
Epi... 
Regetinet. 
BW Sek ers edie 
Epi. 5 
ROR eye tes 41 
eR oa nl ‘ 26 
Regetinef..... .6 38 


ye ls 5 21 


37 
17 
43 
18 


198 

91 
220 
213 


226 
115 
230 
218 


* See table 1 for key to abbreviations. 
+ Two mg. per Kg. body weight. 


RBF* 


cc./min. 


310 
157 
380 
370 


376 
205 
410 
389 


FF* Tmg GFR/Tmg MBP* 


mg./min. mm. Hg 
147 

77 
170 
143 


137 
185 
95 


75 


120 

84 
118 
104 


120 
155 
110 


In both dogs there was a parallel reduction in GFR and Tm, after epinephrine alone due toa decrease in 
the number of active nephrons. After adrenergic blockade the vasoconstrictive response to epinephrine was re- 
placed by vasodilatation with a drop in blood pressure. Although the GFR decreased, the Tm, did not change 
since the number of active nephrons was unaltered and all tubules continued to transport glucose. 
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ephrine was given alone. This did not occur 
| the epinephrine was preceded by sym- 
etic blockade (Regitine) despite the 50 
‘ent decrease in glomerular filtration rate. 


DiIscussION 


‘!ie observations in these experiments in- 
dic te that there is no essential difference in 
the response of the kidney to epinephrine and 
its ; ossible precursor, norepinephrine, and that 
the first and most prominent effect is on the 
efferent arterioles, thus increasing the renal 
vascular resistance in this segment. As a result, 
the renal plasma flow initially decreases in the 
presence of a maintained glomerular filtration 
rate, and an increase in the filtration fraction. 
This has also been noted in man _follow- 
ing the administration of epinephrine®:7 and 
phenylephrine (Neosynephrin).* In the present 
experiments, the maximum tubular reabsorp- 
tion of glucose did not change significantly as 
long as the glomerular filtration rate was main- 
tained despite a decrease in renal blood flow. 
This indicates no change in the number of tu- 
bules actively reabsorbing glucose from the 
glomerular filtrate. 

As the infusion rate is increased and the vaso- 
constrictive effect on the kidney becomes more 
prominent, the glomerular filtration rate de- 
creases (table 1 and 2) in proportion to the 
decrease in renal plasma flow. In a few animals 
this proportionate decrease in glomerular filtra- 
tion rate and renal plasma flow occurs initially 
without the primary decrease in renal plasma 
flow alone and its resultant increase in filtration 
fraction. Regardless of whether this proportion- 
ate decrease in renal plasma flow and glomeru- 
lar filtration rate occurs initially or late, when 
it does occur it suggests that the afferent ar- 
terioles share in the increased vasoconstric- 
tion, and that a significant number of glomeruli 
may be eliminated from the renal circulation. 
This concept is supported most emphatically 
When one notes the relationship between glo- 
mcular filtration rate and maximum tubular 
res sorption of glucose (tables 2 and 3 and 
fig. 1). At first the ratio GFR:Tm, decreases 
sligitly and then it remains constant while 
bo:a the filtration rate and tubular maximum 
de ease to a parallel degree. One must con- 


clude that a reduction in equal numbers of 
filtering glomeruli and tubules actively trans- 
porting glucose has taken place because the 
concept of measuring tubular maximum” is 
based on the fact that the blood level of glucose 
be maintained high enough to insure a con- 
centration in the glomerular filtrate far in ex- 
cess of the amount that the tubules are able 
to transport. The difference between the 
amount of glucose filtered and that lost in the 
urine represents the amount reabsorbed or 
transported by the tubules. Despite the fact 
that the glomerular filtrate might be reduced 
in some of the nephrons, there would remain 
adequate glucose to continue to measure maxi- 
mum reabsorptive ability of these tubules. Un- 
der such circumstances, if the glomerular fil- 
tration rate is reduced but at the same time 
all the tubules continue to transport glucose at 
a maximum rate, then the ratio of filtration 
rate to tubular maximum must decrease. In the 
present study, the tubular maximum did not 
remain constant, as noted above, but rather 
the glomerular filtration rate and tubular maxi- 
mum decreased together and their ratio re- 
mained constant, indicating a decrease in the 
number of active nephrons. The small but con- 
sistent decrease in the ratio because of the 
greater initial decrease in glomerular filtration 
rate does in fact indicate that some of the glo- 
meruli are filtering at a reduced rate rather 
than being constricted out of the circulation. 
These concepts are further confirmed by table 
3, showing the results of giving these animals 
epinephrine with the usual reduction in filtra- 
tion rate and tubular maximum. However, when 
this was repeated following an adrenergic 
blocking agent, a generalized vasodilatation 
with a drop in blood pressure (epinephrine 
reversal) was noted. Apparently the kidney 
shared in this decrease in peripheral resistance, 
since the renal blood flow was not altered and 
the glomeruli were not eliminated from the 
renal circulation as they were before the block- 
ade. However, due to a drop in systemic blood 
pressure, and consequently glomerular filtra- 
tion pressure, the glomeruli now filtered at a 
reduced rate and the glomerular filtration rate 
decreased significantly. This resulted in a drop 
in the filtration fraction. At the same time, 
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nearly all tubules continued to reabsorb glu- 
cose. As a result, the GFR: Tm, ratio decreased 
greatly (dogs Epi. 1 and Epi. 5, table 3). We 
can therefore conclude that epinephrine and 
norepinephrine are able to cause renal vaso- 
constriction to the extent that glomeruli are 
eliminated from the renal circulation, and that 
this effect can be blocked by adrenergic block- 
ing agents. These observations are in direct 
contrast to the assumption that maximal tubu- 
lar transport for glucose, Diodrast, and para- 
aminohippurate are independent of glomerular 
filtration rate, and that the only way that 
changes in tubular function can be produced is 
by glomerular and tubular damage or by in- 
hibition of the transporting mechanisms. 
Trueta and associates'® recently aroused in- 
terest with their assertion that neurogenic and 
circulatory stress as well as vasopressor drugs 
activate renal subcortical arteriovenous shunts, 
thus bypassing the normal cortical glomeruli. 
Since direct blood flow studies’ and renal clear- 
ance studies” following sciatic nerve stimula- 
tion and hemorrhage have failed to confirm 
these observations, it seemed worthwhile to 
analyze the data in the present study for evi- 
dence of vascular shunting following epineph- 
rine and norepinephrine. If blood were 
shunted past the normal glomeruli and renal 
parenchyma to any significant extent, the ratios 
GFR:RPF and Tm,:RPF would decrease. In 
addition, renal venous blood should show pro- 
gressively increasing amounts of oxygen (ar- 
terialization) and the extraction of paraamino- 
hippurate should decrease since most of this 
substance is extracted and secreted into the 
tubules as the blood circulates through the 
peritubular capillaries after it leaves the glo- 
meruli. None of these predicted alterations 
were observed. The filtration fraction (GFR: 
RPF) either increased or it did not change. 
A similar observation was made on the ratio 
of Tm,: RPF (table 2). The renal venous blood 
did not become arterialized. The A-V oxygen 
difference at first did not change significantly, 
but as the renal blood flow became greatly 
reduced the oxygen content of renal venous 
blood progressively diminished. The extraction 
of paraaminohippurate showed considerable 
random variation (table 2), but it increased in 


as many animals as it decreased. This confirms 
a previous observation.'® Only when the rena] 
plasma flow decreased to about 10 per cent*" 
of normal or below was the paraaminohippurate 
extraction affected consistently. Then it de. 
creased. This may be due to the increasing 
importance of extraparenchymal blood flow, or 
may represent back diffusion of paraamino- 
hippurate due to the low urine output. 

Although more marked, the changes n»ted 
in the present studies are essentially simil:r to 
changes noted following sciatic nerve stimula- 
tion.!* " In these latter experiments no atte mpt 
was made to determine whether the decrease 
in renal function associated with sciatic nerve 
stimulation was due to a neurogenic reflex 
vasoconstriction or due to the liberation of a 
circulating vasoconstrictive agent such as epi- 
nephrine. It may have been either or both. 
Certainly one might expect the liberation of 
epinephrine from the adrenal medulla following 
sensory nerve stimulation. Although the pres- 
ent study clearly demonstrates decreasing num- 
bers of active glomeruli, dye injection studies 
suggest that this is not limited to anatomic 
areas, but rather that the glomeruli have a 
graded threshold of response to vasoconstric- 
tive substances. The peripheral cortical glo- 
meruli seem to have a lower threshold and may 
show a decrease in blood flow before the deeper 
ones do, but this does not indicate any shunt- 
ing mechanisms. It only means that the deeper 
glomeruli are left to carry on whatever renal 
function remains. 


CONCLUSIONS 


1. Epinephrine and norepinephrine, when 
administered by continuous infusion, caused a 
marked reduction in renal blood flow, renal 
plasma flow (RPF), glomerular filtration rate 
(GFR), and maximum tubular transport of 
glucose (Tm,). There was no essential difference 
in the response to the two drugs. 

2. In the majority of instances the renal 
plasma flow decreased and the filtration frac- 
tion increased before changes in other renal 
functions became evident, apparently due to 
efferent arteriolar vasoconstriction. As the in- 


* Not accurate due to very low urine volume: at 
this stage of reduced renal function. 
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son rate was increased, there followed a 
«portional decrease in renal plasma flow, glo- 
ular filtration rate, and maximum tubular 
orption of glucose. The GFR: Tm, ratio re- 
. ined constant in the face of a decrease in 
absolute values of both filtration rate and 
ular maximum. These changes in renal 
aodynamics are probably due to a decrease 
the number of active nephrons. 
;. Under the conditions of the experiment 
i similar conditions of stress, there seems to 
. sufficient evidence to conclude that active 
shrons in large numbers can be completely 
--luded from the renal circulation in dogs and 
that this response can be prevented by adren- 
ergic blockade. However, there is not sufficient 
evidence to conclude that the sympathetic 
nervous system regulates the renal circulation 
uader normal conditions or that glomeruli 
“wink in and out of the renal circulation” as 
noted by Richards and Schmidt in amphibians. 
4. There is no evidence from this study to 
support the hypothesis that epinephrine or nor- 
epinephrine activate renal vascular shunts in 
dogs. 
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Introduction 
By Epear V. ALLEN, M.D. 


HIS symposium is the result of par- 

ticipation by Doctors Katz, Keys, and 

Gofman in a discussion of various as- 
pects of atherosclerosis which was a part of a 
postgraduate course in Peripheral Vascular 
Diseases, conducted under the auspices of the 
American College of Physicians, by the Staff 
of the Mayo Clinic, the Faculty of the Univer- 
sity of Minnesota (Mayo Foundation for 
Medical Education and Research), and _ in- 
vited speakers, at Rochester, Minnesota, in 
the fall of 1950. 

The material presented at that time was so 
important and so timely that failure to record 
it in the medical literature would be, obviously, 
an error of great magnitude. With the con- 
sent of Dr. Herrman L. Blumgart, I asked 
that these manuscripts be prepared for pub- 
lication in CrrcuLaTion. I need not emphasize 
here the importance of atherosclerosis, except 
to say that it is the most important disease 
in America and in areas where economics, diet 
and ways of life are similar to ours. It is my 
belief that this symposium constitutes the most 
important published work on atherosclerosis in 
medical history. For the clinicians, who must 
interpret advances in the laboratories for the 
benefit of their patients, I have requested that 
Doctor Katz, Doctor Keys and Doctor Gof- 
man answer three specific questions: 


QUESTIONS 


1. Has It Been Proved That Human Athero- 
sclerosis Results from the Ingestion of Choles- 
terol and/or Fat? 


2. In the Light of Present Knowledge, I» It 
Probable That Human Atherosclerosis Is Cavsed 
by the Ingestion of Cholesterol and/or Fai? 

3. Would You Recommend That a Patient 
Who Has Clinical Evidence of Atherosclerosis 
Have His Diet Sharply Restricted in  Choles- 
terol and Fat? 


ANSWERS 
Louis N. Katz, M.D. 


1. I would say the answer is yes. This is not 
to be taken, however, to mean that there is 
no other way of producing atherosclerosis. 
What I mean to imply is that endogenous 
disturbances in the metabolism of cholesterol 
and/or fat play a considerable role in the de- 
velopment of human atherosclerosis, but with- 
out the presence of cholesterol in the diet, this 
endogenous disturbance may not occur. It is 
my opinion that cholesterol is the offending 
agent in atherosclerosis. 

2. The answer is yes, since I have already 
said yes with some minor amendments to the 
first question. 

3. My answer is no. There is no reason in 
our present state of knowledge to have the 
patient sharply restricted on cholesterol and 
fat as a preventative or as a cure, excepl: 

(a) When a person is overweight he should 
have his diet reduced so as to approach the 
ideal weight. There is no doubt that obesity is 
definitely associated with an increased fre- 
quency of atherosclerosis. However, it would 
appear that the obesity itself is not the cause; 
it is the fact that the American and European 
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diet is so rich in cholesterol that leads to the 
ath rosclerosis tendency. Furthermore, in re- 
duc ng, great care should be taken that there 
is 10 surplus of fat or cholesterol in the diet, 
since our work on chickens has shown that 
uncer such restricted diets the presence of any 


exc-ss cholesterol is potentially more hazard- 
ous in developing atherosclerosis than on a 
normal caloric intake. 

(») When a patient has had two or more 
attacks of coronary insufficiency and/or myo- 
cardial infaretion attributable to coronary 
atherosclerosis, and if that patient has a xan- 
thomatotic tendency as revealed by the finding 
of his cholesterol level in the upper limits of 
normal, or above, then I believe I would recom- 
mend the reduction of cholesterol and fat in 
the diet. Otherwise, I would not, because I am 
a firm believer in the view that prohibitions 
should not be carelessly advocated until 
such time as it is clearly revealed that the 
prohibition has a great chance of being benefi- 
cial to the patient. 


Ancel Keys, Ph.D. 


|. The answer is a plain and simple no. 
The question would be more reasonably 
phrased to read: Has it been proved that hu- 
man atherosclerosis may result—or results in 
some cases—from the ingestion of cholesterol 
and/or fat? But the answer would still be no. 

2. The question must be more clearly de- 
fined. I think it more useful to try to answer 
several questions which, together, may cover 
the actual area of inquiry. 

(2) If mankind stopped eating eggs, dairy 
products, meats and all visible fats, is it prob- 
able that all atherosclerosis would disappear? 

he answer is no, but I believe atherosclero- 
sis would become very rare. 

b) Is it probable that the development of 

iman atherosclerosis is affected by the 
anount of cholesterol in any ordinary diets? 

‘he answer is no except, possibly, in some 
ae individuals. 

c) Is it probable that the development of 

‘man atherosclerosis is affected by the 
ount of fats in any ordinary diets? 

"he answer is yes, but there are probably 
a ze differences among individuals. 


3. The answer is that I would recommend a 
sharp reduction in all dietary fats without 
paying any special attention to the cholesterol 
content of the diet. I would allow the use of an 
ordinary amount of eggs and milk in cooking, 
the use of skim milk for cereals and as a bever- 
age, a good daily serving of lean meat or fish, 
and a boiled or poached whole egg for Sunday; 
but no butter, cream, oleomargarine, salad 
oil, mayonnaise, fried foods, gravy, ice cream, 
chocolate, or pastries made with shortening. 
Periodic measurements of serum cholesterol 
may help to judge the severity with which 
such restrictions should be maintained. 


John W. Gofman, M.D., Ph.D. 

1. Atherosclerosis is associated, and very 
likely in an etiologic fashion, with the presence 
of certain special lipoprotein classes in the 
blood. There appears to be a metabolic derange- 
ment of lipid metabolism which leads to the 
appearance of higher levels of such lipopro- 
teins in the blood of some individuals when 
compared with others. In the human, both 
sexes show low levels of such lipoproteins in 
childhood and early adulthood. In the late 
twenties the male surges ahead of the female 
and remains ahead statistically until approxi- 
mately the age of 55. This metabolic derange- 
ment in lipid metabolism we regard as the 
underlying defect in the evolution of athero- 
sclerosis. It may well be, from evidence reported 
elsewhere,* that a deficiency of heparin or a 
heparin-like substance is at the root of this 
lipoprotein metabolic defect. Dietary fat can 
raise the serum level of the atherogenic lipo- 
proteins of the S; 35-100 class acutely in 
many humans, and variably from individual 
to individual, depending upon the lipoprotein 
metabolism. The restriction of fats and choles- 
terol can depress the level of the atherogenic 
lipoproteins of the S; 12-20 class and also of 
lipoproteins the S; 20-35 and S; 35-100 classes. 
Yet there are individuals who can tolerate large 
quantities of dietary fat and cholesterol with- 
out showing abnormal lipoprotein patterns and, 
conversely, there are certain individuals who 
still show abnormal lipoprotein patterns in 
spite of dietary restriction of fat and choles- 


* Page 134, reference 6. 
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terol. Thus we would consider that the inges- 
tion of fats and cholesterol, while most likely 
not responsible for the lipoprotein metabolic 
error and hence not the basic cause of athero- 
sclerosis, can definitely contribute to athero- 
sclerosis in many individuals because of the 
susceptibility of such individuals to the altera- 
tion of lipoprotein levels through diet. 

2. This question has been partially answered 
in the answer to question one. We would reiter- 
ate here that, while the lipoprotein derange- 
ment which leads to atherosclerosis is probably 
not caused by dietary factors, it is exceedingly 
probable that dietary fat and cholesterol by 
unfavorably influencing the serum lipoprotein 
levels do contribute to the progression of 
atherosclerosis in a large fraction of the 
human population. 

3. The vast majority of patients with clin- 
ical evidence of atherosclerosis will show eleva- 
tions of the S; 12-20, S; 20-35, S; 35-100 
classes of lipoproteins. A large proportion of 
such patients will show improvement in the 


lipoprotein pattern on dietary restriction of 
fats and cholesterol, which improvement our 
evidence already indicates will lessen further 
clinical manifestations of atherosclerosis. There- 
fore, the restriction of fat and cholesterol in 
the diet of such a patient has a very import int 
place in the prophylactic and_ therapeutic 
armamentarium. It should be kept in mind, 
however, that because of the variability in 
ease of influencing lipoprotein levels by «ie- 
tary measures certain patients will respond 
more favorably than others. We know at pres- 
ent of no way of predicting in a given patient 
whether or not the response to diet in the form 
of lipoprotein lowering will be large, interine- 
diate or trivial. If a patient’s lipoprotein levels 
can be studied ultracentrifugally, and it can 
be demonstrated that he responds to dietary 
restriction of fats and cholesterol with a sig- 
nificant lowering of lipoprotein levels, we 
would feel that there is ample reason to expect 
that atherogenesis can, in part at least, be 
suppressed by dietary means. 





Experimental Atherosclerosis 


By Louis N. Karz, M.D. 


HIS presentation is concerned exclu- 

sively with one variety of arteriosclero- 

sis, atherosclerosis. This subject delinea- 
tion is not an arbitrary or artificial one. The 
term arteriosclerosis is a generic one. It refers 
to several distinct pathologic entities produc- 
ing thickening of the vessel wall, embracing 
such entities as atherosclerosis, Ménckeberg’s 
sclerosis, arteriolosclerosis, and hyperplastic ar- 
teriosclerosis. Awareness of this fact is ab- 
solutely essential for progress in this field. 
Recent research reinforces the conclusion 
that these are different entities. The attention 
of investigators is correctly focused today on 
the problem of the etiology and pathogene- 
sis of atherosclerosis, since this is the lesion 
among the arterioscleroses which is overwhelm- 
ingly responsible for morbidity and mortality 
in man. 

Until very recently atherosclerosis was a 
step-child problem of medical research com- 
manding very limited resources of personnel, 
equipment, plant and money. This situation, 
only partially improved upon at present, is a 
consequence of several circumstances. Among 
them, one of the most important is a funda- 
mentally erroneous concept developed in the 
medical profession itself—the senescence “the- 
ory” of the genesis of the arterioscleroses. 
This “theory”? maintains that the arteriosclero- 
ses are inevitable results of physiologic aging 
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processes. This ‘‘theory” likewise regards the 
specific entity atherosclerosis as such an 
unavoidable process of aging. The stagnating 
influence of this ‘theory’ upon medical re- 
search has been overwhelming. It engendered 
an atmosphere of helplessness and hopeless- 
ness that was for many years a serious brake on 
all investigation. 

This “theory” is a patently erroneous dogma. 
Certainly today overwhelming clinical evi- 
dence exists that atherosclerosis occurs in 
some very young people and is absent in some 
very old people. This indisputable evidence 
is alone sufficient to demonstrate that athero- 
sclerosis cannot be an inevitable by-product of 
senescence. Rather, senescence and athero- 
genesis are two distinct and not necessarily 
related processes. Data from the experimental 
laboratory reinforce these conclusions of clin- 
ical research. Moreover, these data supply 
considerable support for the concept that 
atherogenesis is consequent upon an alteration 
in lipid metabolism, particularly in cholesterol 
metabolism. 

It is upon the basis of this cholesterol con- 
cept of atherogenesis that fruitful research in this 
field is proceeding apace in a number of labora- 
tories. The basic tenet of this concept may be 
simply stated: without an altered lipid- 
cholesterol metabolism little or no atherosclero- 
sis will develop regardless of any other altera- 
tions in the arterial wall, including senescent 
changes. Obviously, if atherosclerotic lesions 
are the result—or even only in part the 
result—of altered lipid-cholesterol metabolism, 
then they are not inevitable. The whole 
foundation of the senescence theory is ren- 
dered untenable. The possibility, nay inevi- 
tability, presents itself that preventing or 
reversing the altered lipid-cholesterol metab- 
olism will eliminate atherosclerosis. Thus, a 
hopeless situation is changed to one full of 
promise. Research in this field, by attacking 
the problem of the detailed interrelations 
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between altered lipid-cholesterol metabolism 
and atherogenesis, can look forward to forging 
the scientific preconditions for eliminating 
atherosclerosis as a disease. 


EvIDENCE FROM Man 


The cholesterol concept of atherosclerosis, 
the basis of almost all experimental work in 
this field at the present time, has an extensive 
foundation in clinical research. At least four 
sources have furnished supporting evidence 
for it: histopathology, biochemical pathology, 
ethnopathology and clinical pathology. A re- 
view of the extensive data from these sources 
is beyond the scope of this presentation. To 
summarize briefly the essential facts from these 
sources, histo- and chemicopathology early 
revealed that extensive lipid and cholesterol 
deposition is a hallmark of the atherosclerotic 
lesion. From the ethnopathologic viewpoint, 
comparative studies of vascular lesions among 
different peoples, including Costa Ricans, 
Okinawans, Chinese, Japanese, American and 
African Negroes, Eskimos and others, indi- 
ate that significant differences exist among 
peoples in incidence and severity of athero- 
sclerosis. These differences appear to stem 
from culturally conditioned variations in 
nutrition and diet, rather than from racial, 
climatic or other influences. Specifically, a 
high correlation is frequently demonstrable 
between presence or absence of atherosclerosis 
and luxus or paucity of foods high in animal 
fat and cholesterol. Data accumulated in 
European countries during and after World 
Wars I and II lend further weight to the con- 
cept that there is a relationship of diet to 
atherogenesis. From these multiple studies 
the following tentative conservative conclusion 
appears justified: atherosclerosis is generally 
more frequent and severe in well nourished, 
particularly overnourished, people subsisting 
on diets rich in animal fat. Finally, from the 
clinicopathologie viewpoint, it is abundantly 
clear that in a number of disease states char- 
acterized by alterations in cholesterol metab- 
olism and a_ prolonged hypercholesteremic 
phase, among them hypothyroidism, the ne- 
phrotic syndrome, essential familial xanthoma- 
tosis, biliary obstruction, and diabetes mellitus, 


premature severe atherosclerosis is inordi- 
nately frequent. Moreover, evidence has re- 
cently accumulated indicating that patients 
with coronary atherosclerosis without gross 
hypercholesterolemia have subtle alterations 
in cholesterol metabolism and a “xanthomatous 
tendency.” The suggestion, based on these 
data, of a close association between alterations 
in cholesterol metabolism and atherogenosis 
is further reinforced by the recent work of 
Gofman and his colleagues demonstrating 
abnormalities in circulating cholesterol-bea: ing 
lipoproteins in association with clinical athero- 
sclerosis. This, in brief, constitutes the clin.co- 
pathologie background and foundation for 
experimental atherosclerosis. 


EXPERIMENTAL ATHEROSCLEROSIS 
History 


Experimental atherosclerosis was first  suc- 
cessfully induced in animals in the period 
1908 to 1912. Prior to that time, all experi- 
mental attempts to reproduce the atheroscle- 
rotic lesion of man had failed, although arterial 
lesions had been produced by a number of 
procedures in animals (such as treatment with 
drugs, pathogenic bacteria, toxins). However, 
the resultant changes in the vessels resembled 
the Moénckeberg type of human arteriosclerosis 
(medial calcinosis, senile arteriosclerosis), rather 
than atherosclerosis. In 1908 a group of in- 
vestigators working in St. Petersburg studied 
the effects of various dietary regimens on 
vascular pathology. They observed that rab- 
bits fed diets containing meat, milk or eggs 
developed atherosclerosis. It was soon demon- 
strated, particularly by Anitschkow, that the 
biochemical factor responsible for these lesions 


was cholesterol. Conclusive proof was ad- 
vanced that this sterol was the atherogenic 


stimulus. Experimental atherosclerosis as 3 
definitive field of research endeavor dates from 
these discoveries. It is noteworthy that to this 
day experimental atherosclerosis has not heen 
successfully produced by any other means than 
cholesterol administration (except avian stil- 
bestrol-induced atherosclerosis, a lesion se¢- 
ondary to endogenous endocrine-stimul:ted 
hypercholesteremic hyperlipemia). 
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The Chick as an Experimental Animal 


About 10 years ago this department became 
interested in experimental atherosclerosis. Our 
studies were carried on in the past decade prin- 
cipully in the chick. Our choice of this experi- 
metal animal was not fortuitous. Rather, 
it was based on a purposeful attempt to pro- 
ceed along lines obviating criticisms leveled by 
many at the use of the rabbit for such athero- 
sclerosis research. The rabbit is a herbivorous 
species not normally ingesting cholesterol. 
Moreover, on its usual diet it does not natur- 
ally develop vascular lesions of the athero- 
sclerotic variety. Finally, until the last decade 
experimentalists had experienced only limited 
and indifferent success in attempts to induce 
gross atherosclerotic lesions by cholesterol 
feeding in species other than the rabbit. All 
these facts led many workers to question 
seriously the relevance of cholesterol-induced 
atherosclerosis in the rabbit for an under- 
standing of the pathogenesis of the human 
disease. It was upon this basis that we sought 
to find a more suitable experimental animal. 
The chick was finally selected after a careful 
survey of the extant literature. 

The chick, like man, is omnivorous, and 
develops atherosclerotic lesions of the great 
vessels spontaneously. In early studies it was 
quickly demonstrated that cholesterol feeding 
led to hypercholesteremia and eventually to 
atherogenesis in chicks. Such cholesterol-fed 
birds had gross atherosclerosis not only of the 
aorta, but also of the major systemic vessels, 
including the coronary arteries. These choles- 
terol-induced lesions were readily distinguish- 
able from spontaneous lesions. Further, choles- 
terol was readily shown to be the decisive 
atherogenic stimulus in chicks, as in rabbits. 

These initial studies demonstrated that the 
chick is of unique utility in offering two types 
of lesions for experimental study, the spon- 
tancous and the cholesterol-induced. In 1946 
the horizon and methodology of experimental 
ath-rosclerosis in the chick were further 
brondened. In that year Chaikoff and_ his 
assc-lates showed that atherosclerosis occurred 
in coekerels having a prolonged endogenous 
hyperlipemia induced by implantation of 
estrogenic material. Horlick and ‘Katz con- 


firmed this finding and extended it by demon- 
strating that the lesions in stilbestrol-treated 
chicks were definitely not of the spontaneous 
type. Thus, a third experimental lesion in 
chicks became available for study. This avian 
species possesses, then, a unique versatility 
which further enhances its utility in athero- 
sclerosis research. 


Morphology of Atherosclerosis in the Chick 


In several publications from this depart- 
ment, a detailed description has been given of 
the morphology of spontaneous, cholesterol- 
induced and stilbestrol-induced atherosclerosis 
in cockerels. A general review of the pathology 
of these lesions is beyond the scope of this 
presentation. However, several specific points 
may be noted: (1) Detailed microscopic studies 
indicate that throughout the arterial tree of 
stilbestrol-treated or cholesterol-fed chicks the 
primary lesion of experimental atherosclerosis 
is the foam cell intimal cushion. This lesion, 
so-called pure atheroma, is almost certainly 
the first stage of atherogenesis. The morpho- 
logic patterns of more advanced lesions are 
apparently the result of evolutionary patho- 
logic processes secondary to atheroma. (2) It 
is possible by prolonged cholesterol feeding to 
induce in chicks the spectrum of atheroscle- 
rotic changes seen in human lesions including 
foam cell plaques, necrosis and atheromatous 
abscesses, fibrosis and hyalinization, calcifi- 
‘ation and cartilaginous-osseous metaplasia. 
Ulceration of atherosclerotic plaques with 
thrombus formation is the only lesion seen 
in man that has not been observed in choles- 
terol-fed chicks. (3) Cholesterol feeding appar- 
ently aggravates and intensifies spontaneous 
lesions. It would appear that the fibrotic spon- 
taneous lesion is a site of predilection for 
cholesterol and lipid deposition, with subse- 
quent evolutionary atherosclerotic changes. 
(4) Despite persistent dogma to the contrary, 
our experiments conclusively demonstrate that 
atherosclerotic lesions are reversible. (These 
findings are in accord with accumulated ob- 
servations in man and rabbit.) Horlick and 
Katz demonstrated in the cholesterol-fed 
chick that in the weeks following cessation of 
cholesterol feeding, definite regression and 
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healing of cholesterol-induced lesions occurred. 
Previously existing moderately severe atherom- 
atous lesions apparently completely healed and 
disappeared. More advanced lesions under- 
went partial resolution and evolution. 

The question has been repeatedly posed: 
are experimental and human lesions morpho- 
logically similar? Even the most severe critics 
of the cholesterol concept of atherosclerosis 
cannot fail to note the conspicuous similarities 
between cholesterol-induced lesions—whether 
in rabbit, dog or chick—and the lesions seen 
in man. Taking into consideration the ana- 
tomic differences among the various species in 
architecture of the great vessels, the similar- 
ities between experimental cholesterol-induced 
and human lesions are indeed remarkable. 
That this resemblance is more than fortuitous 
is further emphasized by the fact that such 
lesions have not been produced experimen- 
tally by any other means. 


Amount and Duration of Cholesterol Feeding 


Our initial experiments on chick athero- 
sclerosis placed us in a position to study pos- 


sible exogenous and endogenous factors in- 
fluencing the three types of avian lesions. 
However, preliminary to such investigations 
it became essential to quantitate the relation 
of the amount and duration of cholesterol 
feeding to the degree of hypercholesterolemia 
and to the incidence and severity of athero- 
sclerosis. Toward this end several experiments 
were accomplished utilizing various levels of 
cholesterol in the diet and various feeding 
periods. Further, in order to permit quantita- 
tive evaluation of lesions, a system for gross 
grading of aortas for atherosclerosis was de- 
vised. This grading method, like others, 
is undoubtedly empiric and subjective. How- 
ever, when employed with necessary precau- 
tions to guarantee treating all specimens as 
unknowns, it yields reliable information as to 
both incidence and severity of lesions. Hence 
it makes possible quantitation of pathologic 
data. By means of this grading method a 
general relationship is readily demonstrable 
between atherogenesis (incidence and severity 
of lesions) and cholesterol ingestion (amount 
and duration of sterol feeding). Thus with 


ranges of dietary cholesterol between 0.25 and 
2.0 per cent (plus 5 per cent cottonseed oil), 
biochemical and pathologic alterations re 
quantitatively parallel. This is true both with 
chicks placed on experimental diets at 4 tv 6 
weeks of age and when | day old. In the course 
of these studies an additional basic metho lo- 
logic principle became clear: In order to as+ess 
accurately the influence of various factors on 
experimental atherosclerosis, studies must be 
controlled with respect to each and every one 
of the following factors—age, sex, initial 
weight, feed intake, final weight and (at least 
in the chick) season. Attention to these ele- 
ments in experiments on atherosclerosis in- 
sures a high degree of reliable quantitation in 
results. 


Undernutrition and Overnutrition 


Based on these studies it became possible to 
determine the influence of various factors on 
experimental atherosclerosis. The influence of 
one such factor, undernutrition, was explored 
in several experiments. In an early experiment, 
Dauber and Katz demonstrated that under- 
feeding per se (without cholesterol .supple- 
ment in the diet) failed to induce lesions of 
the cholesterol type or to influence spontaneous 
atherogenesis. Subsequently, Rodbard and 
co-workers analyzed the effects of undernutri- 
tion on cholesterol-induced lesions. In one 
series of experiments chicks were fed mash 
containing either 0.25 per cent cholesterol 
plus 5 per cent oil or 2 per cent cholesterol. 
At each dietary level, one group of birds was 
permitted to eat ad libitum, another was given 
only 60 to 70 per cent as much mash. Chicks 
on this reduced dietary intake received less 
cholesterol than the controls given the same 
mash ad libitum. Nevertheless the semistarved 
birds tended to have a more severe hyper- 
cholesteremia than the controls. At the conclu- 
sion of the experiment incidence and severity 
of atherosclerosis in the undernourished cock- 
erels were as great as or greater than in the 
control birds on an unrestricted diet of similar 
composition. Apparently the underfed birds 
were not readily able either to draw upon the 
elevated plasma lipids as a source of calories 
or to dispose of the exogenous cholesicrol 
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lord. Thus it may be concluded that choles- 
terol remains an atherogenic stimulus regard- 
les. of the level of over-all caloric intake. It 
»y be further suggested that in Europeans 
an! Americans, where a definitive correlation 
ha. been shown between obesity and intensi- 
atherogenesis, this influence of obesity 
.v be attributable to the associated increased 
ini.ike of specific atherogenic material, that is, 
cho lesterol. 
in another series of experiments, Rodbard 
and co-workers approached the same general 
problem somewhat differently; chicks were 
fed cholesterol diets during repeated short 
intervals. During interim periods (one to five 
days in duration), they were either starved 
or fed plain mash. A third group subsisted on 
the cholesterol diet continuously. The choles- 
terol-fed birds, starved during alternate pe- 
riods, developed marked hypercholesteremia 
and atherosclerosis, resembling the findings in 
cockerels on a continuous cholesterol mash 
diet. In contrast, chicks alternating between 
cholesterol diet and regular mash exhibited 
only slight hypercholesteremia and athero- 
sclerosis. Thus intermittent periods of starva- 
tion apparently hindered, rather than facili- 
tated, the disposal of exogenous cholesterol 
load, whereas intermittent periods of regular 
mash facilitated such disposal. Over-all ade- 
quate intake of a balanced diet apparently 
made a key contribution to preventing dietary 
induced hypercholesteremia and atherosclero- 
sis. Whether this effect is mediated by dietary 
or endocrine factors, or both, remains to be 
elucidated. These findings suggest the possibil- 
ity that in man the effects of exogenous choles- 
terol on cholesteremia and atherogenesis may 
be at least in part regulated by over-all nutri- 
tional status. 
ln contrast to these experimental studies on 
senistarvation, only limited observations are 
available on the effects of overfeeding on 
exj-rimental atherogenesis. To our knowledge 
on!y one report in the literature deals with 
thi. problem. Wolffe and associates indicate 
ths: force fed geese exhibit an increased inci- 
de! e of both spontaneous and cholesterol- 
indeed atherosclerosis. Evaluation of these 
fin'ings awaits publication of the complete 


data. Since obesity, the level of food intake 
in general, and cholesterol intake in particular 
have all been implicated as important factors 
in human atherogenesis, further experimental 
studies are indicated on excessive dietary 
intake and atherosclerosis. 


Neutral Fat in Diet 


Among other exogenous factors possibly 
influencing atherogenesis, neutral fat intake 
has been studied experimentally by us. In 
initial experiments, Dauber and Katz ob- 
served no effect of 20 per cent cottonseed 
oil diets on lipemia or spontaneous athero- 
genesis in chicks. More recently Stamler and 
co-workers extended these observations to 
chicks fed mash supplemented with 5 per cent 
cottonseed oil. Here again normal plasma lipid 
patterns were observed, no effect on spontane- 
ous atherogenesis was noted, and no lesions 
of the cholesterol-induced variety supervened. 

These experiments cannot be interpreted as 
indicating that neutral fat ingestion is not a 
factor in human atherogenesis. Clinically, 
neutral fat and cholesterol ingestion are almost 
invariably combined—in contrast to the fore- 
going experiments. Considerable evidence 
exists that under such circumstances triglyc- 
eride influences cholesterol metabolism. More- 
over, a recent experiment in our laboratory 
also indicates that under certain circumstances 
neutral fat ingestion affects cholesterol metab- 
olism and atherogenesis in the chick. Briefly, 
Stamler and associates demonstrated that 
depancreatized chicks respond differently to 
cholesterol feeding, depending on the presence 
or absence of cottonseed oil in the mash. 


Cholesterol-Free and Fat-Poor Diet 


In other studies on exogenous factors, Hor- 
lick and his colleagues analyzed the effects of a 
specially prepared defatted mash on both spon- 
taneous and stilbestrol-induced atherosclero- 
sis in cockerels. They also investigated the 
influence of such a low fat, cholesterol-free 
mash on regression of cholesterol-induced 
atherosclerosis occurring upon cessation of 
cholesterol feeding. In the first study, chicks 
receiving defatted mash developed spontane- 
ous aorta lesions later than birds subsisting 
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on regular mash; these lesions were less ex- 
tensive and severe. However, lesions were 
present. Hence the defatted mash diet failed 
to eliminate spontaneous arteriosclerosis in 
the chicks although it may have retarded this 
pathologic process. Apparently an exogenous 
source of lipid and cholesterol is not essential 
for spontaneous arteriosclerosis in the chick. 
If plasma lipids play a key role in such spon- 
taneous arteriosclerosis, endogenous sources 
continue to make available sufficient lipids 
for this process. It might appear from these 
experiments that the spontaneous lesions pro- 
duced are primarily arteriosclerotic and only 
secondarily atherosclerotic. 

In a second experiment, Horlick and Katz 
observed that a defatted mash was without 
significant effect on the endogenous hyper- 
lipemia and hypercholesteremia induced by 
stilbestrol implantation in cockerels. Stilbes- 
trol-induced atherogenesis developed concom- 
mitant with the hypercholesteremia in these 
estrogen-treated birds fed a defatted mash. 

In a third study with defatted mash, the 
influence of this diet on regression of choles- 
terol-induced lesions was analyzed by Horlick 
and Katz in chicks rendered atherosclerotic by 
a prolonged period of cholesterol feeding. 
The specially prepared defatted mash was no 
more valuable in effecting the regression of 
atherosclerotic lesion than the regular chick 
starter mash. 

The fact that spontaneous arteriosclerotic 
lesions occur with cholesterol-free, fat-poor 
diet, and that this diet had no obvious effect 
in eliminating the endogenously induced lesions 
casts some doubt on the view that low fat 
diets in man exert any marked influence on 
atherosclerosis. The conclusive proof for such 
a view must still be forthcoming. It is not at 
present available. It seems pertinent to suggest 
that in the present state of knowledge, use of 
low fat, low cholesterol diets in man would 
appear justified only (a) in cases with ab- 
normally high cholesterol blood levels and (b) 
in patients with more than one episode of 
recent myocardial infarction, who have blood 
cholesterol levels at the upper limits of normal 
or above normal. Furthermore, the dietary 
restriction under such circumstances must be 


drastic; for example, a diet of 25 to 50 Gm. 
of fat per day must be rigidly adhered to, ond 
it must be persisted in for long periods of time. 
The obvious difficulties of pursuing such a pro- 
gram and the inconclusiveness of the resiilts 
obtained should make one hesitant to uncer- 
take widespread use of such dietary restra'nts 
until the controversy concerning the effects 
is settled conclusively one way or the otter. 


Lipotropic Factors 


Among dietary factors possibly influencing 
human and experimental atherosclerosis, great- 
est attention has focused on lipotropic factors, 
Until recently their value was not clear, since 
contradictory findings were reported concern- 
ing the effects of these factors. This confusion 
has been eliminated in the last year or two. 
Experiments in chick, dog and rabbit yielding 
negative results are particularly decisive in 
indicating that at least choline is of no value in 
the prophylaxis or therapy of atherosclerosis. 
In this laboratory Stamler and co-workers 
studied the possible prophylactic influences of 
choline and inositol in spontaneous, cholesterol- 


induced and _stilbestrol-induced atherosclero- 
sis in cockerels. In the studies of lipotropic 
factors in cholesterol-induced atherosclerosis, 


the effects of 1 per cent choline plus 1 per cent 
inositol were determined in birds fed_ three 
different concentrations of dietary cholesterol, 
0.25, 0.5 and 2 per cent. In studies continuing 
from 15 to 35 weeks all experimental regimens 
were well tolerated; normal feed intakes and 
rates of weight gain were recorded throughout. 
All cholesterol diets produced hypercholes- 
teremia and hyperlipemia of varying degrees, 
hypercholesteremia being the principle altera- 
tion in the plasma lipid pattern. Phospholipids 
rose, but disproportionately less than choles- 
terol so the plasma total cholesterol—lipid 
phosphorus (C/P) ratio increased significantly. 
At all levels of cholesterol feeding 1 per cent 
choline plus 1 per cent inositol failed consist- 
ently to lower hypercholesteremia and hyper- 
lipemia. The lipotropic factors were witl.out 
effect in ameliorating the minimal hyper- 
cholesteremia consequent upon feeding 9.25 
per cent cholesterol mash. The data indicate 
that during the initial weeks of the experii.ent 
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adition of lipotropic factors to the diet actu- 
ally aggravated hypercholesteremia. The ex- 
hii ition of the phospholipid precursors choline 
a. inositol failed significantly to elevate 
pl:sma phospholipid levels sufficiently or to 
co rect the abnormally high plasma total cho- 
le- erol-lipid phosphorus ratios. Choline and 
in-sitol had only a limited incomplete lip- 
otiopie effect on cholesterol-induced hepatic 
lip dosis and completely failed to influence the 
lipidosis in other organs, including the aorta. 
Similarly the lipotropic factors failed to re- 
due the incidence or severity of cholesterol- 
induced lesions in either the thoracic or ab- 
dominal aorta. 

In the companion experiments, Stamler and 
co-workers demonstrated that the lipotropic 
factors were also without significant effect 
on the hyperlipemia of stilbestrol administra- 
tion and on either stilbestrol-induced or spon- 
taneous atherogenesis. Recent reports of care- 
fully controlled studies by Firstbrook and 
Davidson and associates similarly indicate that 
choline is ineffective as a prophylactic or thera- 
peutic agent against cholesterol-induced athero- 
sclerosis in rabbits and dogs. Insofar as studies 
in man are concerned, adequately controlled 
clinical data are lacking; the efficacy of lipo- 
tropic factors in the prophylaxis or therapy of 
human atherosclerosis has not been demon- 


strated. Hence we deem it necessary to empha- 
size that neither clinical nor experimental 
foundations are present to justify the wide- 
spread prescription of costly preparations of 
lipotropic factors for human atherosclerosis. 
Such procedure merits condemnation on both 
scientific and socioeconomic grounds. 


Aluminum Hydroxide Gel 


‘ince cholesterol undergoes an enterohema- 
tohepatie circulation, the possibility presents 
itscif that the intestinal disposal of cholesterol 
mizht be enhanced, plasma cholesterol levels 
thereby lowered, and atherogenesis retarded. 
R« lbard and his colleagues have been carrying 
ou experiments on this problem in our labora- 
to. v. Utilizing a specially prepared aluminum 
hy ‘roxide gel, it has been possible to decrease 
hy .ercholesteremia and atherogenesis in choles- 

-fed cockerels. This problem is under fur- 


ther study in our laboratory at the present 
time. 


Cholesterol-Phospholipid Ratio 


A number of recent investigators have 
brought forward evidence from studies on man 
suggesting that the plasma cholesterol—phos- 
pholipid (C/P) ratio may be a key factor in 
atherogenesis. Since cholesterol-induced athero- 
sclerosis in rabbit, chick and dog is uniformly 
associated with a disturbed lipid pattern 
characterized by hypercholesteremia, altered 
cholesterol—phospholipid ratios and chylomi- 
cronemia the question arises: is the hyper- 
cholesteremia per se or the altered cholesterol— 
phospholipid ratio the decisive factor in 
atherogenesis? Can atherogenesis occur with- 
out an elevated cholesterol-phospholipid ratio? 

Several studies in our laboratory bear upon 
this problem of cholesterol—phospholipid ratios 
and atherogenesis. First, it is noteworthy that 
estrogen-treated chicks, unlike cholesterol-fed 
birds, exhibit a plasma lipid pattern charac- 
terized by hyperphospholipemia in excess of 
hypercholesteremia, with a resultant lowering 
of the plasma cholesterol—phospholipid ratio. 
Aortic atherosclerosis eventually supervenes 
in birds subjected to prolonged estrogen 
treatment. Under these experimental condi- 
tions a fall in the cholesterol—phospholipid 
ratio prevents neither plasma lactescence nor 
aortic atherosclerosis. 

In another experiment Stamler and Katz 
attempted to correlate plasma biochemical 
data and postmortem pathologic findings in 
individual chicks fed 0.25 per cent cholesterol 
mash for 35 weeks, beginning at 5 weeks of 
age. Analysis of these data reveal a close 
correlation between the level of hypercholes- 
teremia and aortic atherogenesis in individual 
birds. In contrast, there was no correlation 
between presence or absence of induced lesions 
in the aorta and degree of elevation of the 
plasma cholesterol-phospholipid ratio. Thus, 
this experiment demonstrated a lack of cor- 
relation between plasma cholesterol—phospho- 
lipid ratios and aortic atherogenesis, together 
with a positive correlation between plasma 
cholesterol levels and aortic lesions. 

Although these experiments indicate that 
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cholesterol—phospholipid ratios are not decisive 
factors for aorta atherogenesis, recent. studies 
by Pick and associates in our laboratory indi- 
cate that cholesterol—phospholipid ratios and 
coronary atherogenesis may be closely interre- 
lated. Thus, estrogen exhibition to cholesterol- 
fed chicks results in suppression of coronary 
atherogenesis. Concomitantly, the ratios are 
depressed to or toward normal, despite persist- 
ent cholesterol-induced hypercholesterolemia. 
This finding of prophylactic inhibition of 
coronary atherosclerosis by estrogens may be a 
significant lead concerning the mechanism 
of the well known sex differential in human 
susceptibility to coronary atherosclerosis. Fur- 
ther, since cholesterol-fed chicks are not pro- 
tected against aorta atherosclerosis by estro- 
gens, but are protected against coronary 
lesions, it would appear that atherogenesis pro- 
ceeds according to different biologic laws in 
different vascular beds. Evidence is extant in- 
dicating a similar phenomenon in man. Hence, 
investigation of experimental atherosclerosis 
should not be confined to aorta lesions, lest sig- 
nificant findings in such important beds as the 
coronary and cerebral be entirely overlooked. 


Thyroid 


In addition to the foregoing studies, this 
department has carried on a number of experi- 
ments on the influences of various endogenous 
factors upon experimental atherogenesis. Among 
such factors studied to date, thyroid hormone 
has been found to be far and away the most 
effective agent influencing experimental athero- 
genesis. In an initial study in this laboratory, 
Dauber and associates demonstrated that 
desiccated thyroid significantly depressed the 
hypercholesteremia of birds given diets supple- 
mented with 0.5 to 2.0 per cent cholesterol 
plus 20 per cent cottonseed oil. In accordance 
with these plasma lipid patterns thyroid hor- 
mone significantly decreased the incidence 
and severity of cholesterol-induced athero- 
sclerosis. In a subsequent study, Stamler and 
co-workers extended these observations to 
stilbestrol-induced atherosclerosis in cockerels. 
Although desiccated thyroid only temporarily 
depressed the hyperlipemia of chronic stil- 
bestrol administration, it was remarkably 


effective in reducing the incidence and severity 
of lesions in the aorta. 

The mechanism or mechanisms of this effect 
of thyroid hormone on atherosclerosis rem..in 
obscure. Various hypotheses have been d- 
vanced by different investigators, among 
them that thyroid exerts its effect directly 
on cholesterol metabolism, reducing the hy; er- 
cholesteremic stimulus to atherogenesis; tat 
thyroid hormone affects the tissue accumila- 
tion of cholesterol; that thyroid hormone al ers 
vascular permeability. Unfortunately, littl: is 
known concerning the mechanisms wher: by 
thyroid affects lipid metabolism. Recent stu:lies 
with radioactive tracers indicate that thy: oid 
influences the hepatic degradation of the lipids, 
effecting lipid depletion. 

In one of our studies Stamler and his col- 
leagues undertook to determine whether the 
influence of thyroid hormone on lipids and 
atherosclerosis is a simple by-product of in- 
duced hypermetabolism. A comparison was 
made of the effect of desiccated thyroid and of 
the hypermetabolism-inducing drug dinitro- 
phenol on plasma and tissue lipids and athero- 
genesis in cholesterol-fed chicks. Despite the 
similar hypermetabolism-inducing potential of 
thyroid and dinitrophenol, markedly different 
effects of the two substances were observed 
in these cholesterol-fed birds. Unlike the birds 
given thyroid hormone, the dinitrophenol-fed 
animals failed to exhibit a depression of either 
hypercholesteremia or atherogenesis. This ex- 
periment therefore suggests that the effects of 
thyroid hormone on lipid metabolism and 
atherogenesis cannot be attributed solely to 
any generalized nonspecific increase in energy 
exchange it induces. Rather than being non- 
specific by-products of increased metabolic 
rate, these actions of thyroid on cholesterol 
metabolism would appear to be effected via 
specific metabolic reactions involving hormone 
and lipids—reactions whose pathways are 
today obscure. 


Pancreas 


In view of the increased incidence and se ver- 
ity of atherosclerosis in clinical diabetes, the 
role of the pancreas (as well as the other en- 
docrine glands involved in the pathoger esis 
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of diabetes) in experimental atherosclerosis 
mrits considerable attention. Until recently, 
xverimental work on this aspect of athero- 
sc erosis was very limited in scope. A few 
revorts indicate that atherosclerotic lesions 
ev-ntually develop in chronic diabetic dogs, 
puticularly in completely depancreatized in- 
su in-maintained animals subsisting on a diet 
of noderate to high fat content without supple- 
mentary raw pancreas or lipotropic factor. 
Experimental work on these problems in the 
rai, a species which to date has proved to be 
particularly resistant to cholesterol-induced 
atherosclerosis, has been even more limited. 
In this and other departments no success has 
been obtained in efforts to induce atherosclero- 
sis by cholesterol feeding in alloxan diabetic 
rats. In rabbits, several workers report cata- 
racts, but no atherosclerosis, following long- 
standing alloxan diabetes. When alloxan dia- 
betes is combined with cholesterol feeding, the 
unexpected observation was made that athero- 
genesis tended to be retarded. Duff and Paine 
attributed this finding to the interrelations 
between cholesterol and phospholipid (normal 
C/P ratios) in such animals. It has also been 
suggested that this inhibitory phenomenon 
may be due to undernutrition and emaciation 
in alloxan diabetic rabbits. 

It may be noted at this point that the study 
of the role of lipotropic factors in experimental 
atherosclerosis has its roots in the original 
observations that totally depancreatized, in- 
sulin-treated dogs can be chronically main- 
tained only if fed a supplement of raw pan- 
creas or its decisive lipotropic factors, lecithin 
or choline. Hence, in a certain sense the studies 
on lipotropic factors (which, as already noted, 
have yielded negative results) are an aspect 
of ‘he problem of the role of the pancreas in 
ex erimental atherosclerosis. 

in our laboratory, we have studied this 
ov r-all problem in chicks. This animal is 
re: lily amenable to total pancreatectomy or 

|.xanization. In an initial study, Stamler 
an! co-workers determined the effect of pan- 

itectomy on plasma and tissue lipids and on 
three types of chick atherosclerosis. In 
lly depancreatized cockerels fed a regular 
me -h, free of cholesterol or other supplements, 


both plasma lipid and carbohydrate level are 
within normal limits. These birds exhibit no 
overt signs of metabolic disturbance. Lesions 
of the induced variety do not develop, al- 
though these chicks exhibit a tendency to 
intensified spontaneous arteriosclerosis. Stil- 
bestrol-treated, depancreatized birds also ex- 
hibit a plasma lipid pattern essentially similar 
to that of their unoperated controls. 

When a supplement of cholesterol and cot- 
tonseed oil is added to the mash of depancrea- 
tized cockerels, a plasma lipid pattern emerges 
that is significantly different quantitatively 
from that of their paired controls. They 
consistently exhibit a far more severe hyper- 
cholesteremia; this is accompanied by intensi- 
fied atherogenesis. In contrast, when depan- 
creatized chicks are fed a mash containing 
cholesterol, but devoid of a cottonseed oil 
supplement, they exhibit a plasma lipid pat- 
tern essentially similar to their unoperated 
paired controls on a similar diet. Thus, the 
addition of neutral fat to the diet apparently 
plays a decisive role in the development of an 
inordinate hypercholesteremia in pancreatec- 
tomized cholesterol-fed chicks. Since depan- 
creatized cockerels fed a cholesterol—cotton- 
seed oil mash exhibit a response different from 
their paired controls, it may be concluded that 
this dietary regimen has brought out subtle 
defects of lipid metabolism in these birds. 
Similarly, it is possible to bring out subtle 
defects in carbohydrate metabolism. Although 
chronically depancreatized chicks on regular 
diet exhibit gross derangement in neither 
plasma lipid nor glucose level, the administra- 
tion of adrenocortical extract to such birds 
results in a marked hyperglycemia, far in ex- 
cess of that seen in unoperated controls, and 
reaching levels well into the severe diabetic 
range. 

These two experiments indicate that in the 
chick, as in man, the pancreas apparently plays 
an important role in the metabolism of both 
the lipids and carbohydrates. This biologic 
similarity emerges despite initial data indicat- 
ing that pancreatic deficiency has different ef- 
fects on metabolism in chick and man. Our 
findings suggest that these apparent differences 
between man and chick are not necessarily 
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qualitative ones, but rather at least in part 
quantitative. The relationships of both lipid 
and carbohydrate metabolic effects to athero- 
genesis in the chick are under further investiga- 
tion in this laboratory. 


Hypertension 


In view of the frequent clinical observation 
that hypertension is associated with intensi- 
fied atherogenesis in man, we undertook to 
study the interrelationship between these two 
pathologic processes in the experimental ani- 
mal. The demonstration by Lenel and asso- 
ciates in our laboratory that salt feeding 
induces a significant chronic rise in blood pres- 
sure in chicks made it possible to carry on such 
experiments. In an initial study, Stamler and 
Katz compared atherogenesis in salt hyper- 
tensive and normotensive cockerels subsisting 
on a diet of regular mash without a cholesterol 
supplement. The experimental regimens had no 
effect on plasma cholesterol concentration. 
Despite a significant elevation of blood pres- 
sure in the salt-treated animals, no gross le- 
sions of the induced type were observed, nor 
was there any clear-cut intensification of spon- 
taneous lesions. Thus, salt hypertension had 
little or no effect in grossly intensifying spon- 
taneous arteriosclerosis in cockerels. 

In a subsequent study, Stamler and co- 
workers analyzed the effect of another type of 
hypertension on atherogenesis in chicks sub- 
sisting on plain mash: namely, desoxycorticos- 
terone acetate (DCA)-salt hypertension. Here 
again,.in the absence of a supplement of 
cholesterol in the diet, no lesions of the in- 
duced type were observed, nor was there in- 
tensification of spontaneous lesions. It would 
appear that in the presence of consistent nor- 
mocholesteremia, hypertension is ineffective 
as an atherogenic stimulus, both with respect 
to causing the appearance of induced lesions 
and with respect to intensifying spontaneous 
lesions. This finding is in accord with ob- 
servations in this and other laboratories with 
several other species, including rabbit, dog, 
sheep and goat. 

In contrast to such negative results, desoxy- 
corticosterone-salt hypertension did intensify 
cholesterol-induced atherogenesis in choles- 


terol-fed cockerels. This observation, too, jis: 


consistent with the findings of other workers 
utilizing rabbits and dogs; namely, that hyper- 
tension intensifies atherogenesis when accor: 
panied by a cholesterol diet. The mechani:: 
of this effect remains obscure. Regardless « 
mechanism, however, the facts available fro; 
these experiments support the view enunciat:: 
by several investigators: cholesterol is 1 
decisive factor in the pathogenesis of athe 
sclerosis, whereas hypertension acts rat] 
as an intensifying agent, exerting this effic 
when the lipid metabolic situation favor 
atherogenesis. 


Vascular Damage 


Some workers attribute the effect of hyper- 
tension on atherosclerosis to a vascular damave 
presumably caused by hyperpiesis. Fundamen- 
tal to such a concept is the problem: is pre- 
existent vascular damage a prerequisite for 
lipid deposition and atherogenesis? Numerous 
attempts were made to clarify this problem 
experimentally. A host of noxious agents were 
tested for atherogenic effect, including bac- 
teria, toxins, drugs, hormones, mechanical 
and thermal trauma. Although various ‘lesions 
were experimentally produced by these meth- 
ods, atherosclerosis was never produced. Thus 
it would appear that in the absence of an essen- 
tial lipid metabolic alteration, vascular dam- 
age, per se, is ineffective as an atherogenic 
stimulus. On the other hand, experimental 
and clinical data from a number of sources 
indicate that foci of vascular damage are sites 
of predilection for deposition of atherogenic 
material, provided the necessary lipid meta- 
bolic alteration is present. 

Some of the experiments in our laboratory 
bear upon this problem. In a recent study by 
Rodbard and his colleagues, 1 day old cockerels 
were placed on a diet of chick starter mash 
supplemented with 2 per cent cholesterol plus 
5 per cent cottonseed oil. Weekly sacrifice 
of birds on this regimen revealed gross choles- 
terol-induced lesions of the aorta in birds as 
young as 5 weeks of age. It is apparent that 
these chicks had juvenile arterial _ tissue. 
Their vascular wall had not yet been subject 
to necrobiotic senescent alterations. More- 
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over, during their brief 5 weeks in the labora- 
tory there was no indication in these healthy 
bi: {s of the operation of pathologic stimuli 
noious to the vessel wall other than the 
hy erlipemia itself. The occurrence of sig- 
ni ant gross atherosclerosis in these cockerels 
suczests, therefore, that atherogenesis may 
proceed solely on the basis of deranged lipid 
mi ‘abolism, provided this is severe enough 
in Jegree and duration. On the other hand, 
Sc lichter and associates have shown in dogs 
th! vascular damage to the outer third or 
hal! of the aorta produced by cauterization 
focally alters the arterial wall, so that the sub- 
jacent intima becomes a site of predilection for 
deposition of administered atherogenic mate- 
ria! (cholesterol). These and supplementary 
data of a similar nature from other laboratories 
lead us to agree with Anitschkow’s original 
concept, advanced many years ago, that choles- 
terol may be a primary atherogenic stimulus. 
We are also in accord with his further concept 
that vascular damage may play a role in the 
arterial deposition of lipids. These ideas, 
called the “combined theory” by Anitschkow, 
recognize that a number of different factors are 
involved in the pathogenesis of atherosclerosis; 
they also recognize the key role of the lipids 
in atherogenesis, whereby a severe enough 
derangement of lipid metabolism may result 
in atherogenesis in previously normal vessels; 
they further recognize that with less marked 
derangements in cholesterol metabolism, athero- 
genesis may still proceed, particularly in sites 
of predilection produced by previous vascular 
damage. 


Pituitary and Adrenals 


In connection with these concepts of the role 
of vascular damage in the pathogenesis of 
atherosclerosis, considerable attention has re- 
cently been focused upon the influence of the 
adrenal steroids, particularly since several 
workers have demonstrated vascular injury 
in animals chronically treated with desoxy- 
cor'icosterone acetate and other corticoids. 
Ths problem assumes further importance in 
viev of the fact that clinical endocrine dis- 
orders characterized by excessive secretion 
of sdrenal steroids (e.g., Cushing’s syndrome) 
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are associated with intensified atherogenesis. 


Introduction into clinical therapeutics of 
adrenocorticotropic hormone (ACTH) and 


cortisone further highlights the need to investi- 
gate the possibility that steroids may be athero- 
genic, particularly since chronic treatment with 
cortisone may result in a significant rise in the 
plasma cholesterol concentration of man. 
Finally we should take note of the fact that 
the adrenal cortex plays an active part in 
sterol metabolism as is indicated by their 
high concentration of cholesterol, their ability 
readily to discharge cholesterol, to synthesize 
cholesterol, and to accumulate ingested choles- 
terol. We have already briefly referred to the 
results of our studies on atherogenesis in 
desoxycorticosterone acetate—salt treated birds. 
Although moderate hyperpiesis supervened, 
no effect was observed on spontaneous lesions. 
However, cholesterol -induced atherogenesis 
tended to be moderately intensified. A more 
recent experiment by Stamler and associates 
further demonstrated that cortisone intensified 
aorta and coronary atherogenesis in choles- 
terol-fed chicks, although this steroid did not 
alter blood pressure or plasma lipid levels. Ob- 
viously these are not exhaustive experiments 
on the pituitary-adrenocortical axis and athero- 
genesis. The possible influences of other glyco- 
corticoids remain to be explored. Such studies 
are currently in progress in this laboratory. 
Also in need of further study are the complex 
interrelationships between the hypothalamic- 
pituitary-adrenocortical system and the other 
endocrines. 


Aging 


Among the endogenous factors possibly 
influencing atherogenesis, careful consideration 
must be given to the problem of age. A recent 
study by Rodbard and associates in our 
laboratory yielded significant findings concern- 
ing the influence of age on cholesteremia and 
atherogenesis. These workers recorded age- 
associated variations in level of cholesteremia 
in cockerels on a diet of constant cholesterol 
content. Thus, during the first seven weeks of 
life, birds on a diet containing 2 per cent 
cholesterol plus 5 per cent cottonseed oil 
exhibited a cholesteremia in the range of 200 
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to 500 mg. per 100 cc. At about the eighth 
week, this cholesteremia increased spontane- 
ously to a level of 800 to 900 mg. per 100 cc., 
although no change was instituted in the ex- 
perimental regimen. This new high level of 
cholesteremia tended to maintain itself during 
the next 12 weeks. At about the twentieth 
week of age, with the same diet continuing, 
there was a secondary fall of the plasma choles- 
terol level to about 300 to 500 mg. per 100 ce. 
In accord with these plasma lipid findings, 
atherogenesis during the first seven weeks of 
life was slight, whereas it proceeded rapidly 
after the eighth week. This experiment indi- 
cates that endogenous factors varying with 
age influence the response of chicks to a 
diet containing cholesterol. These endogenous 
factors, conditioned by and varying with age, 
influence both cholesterol metabolism and 
atherogenesis. Preliminary evidence suggests 
that hormonal factors may play a key role in 
this varying pattern of endogenous control 
of cholesterol metabolism. 


Gonads 


Among other endogenous factors possibly 
influencing atherogenesis, attention must be 
focused upon the role of the gonads, particu- 
larly in view of the conspicuous sex difference 
in the incidence of coronary disease in human 
beings. Experimental work on the gonads and 
atherogenesis has been limited. An extensive 
investigation of this problem is currently in 
progress in our laboratory. As already indi- 
cated, estrogens have been shown to inhibit 
coronary lesions in cholesterol-fed cockerels. A 
few reports are extant of experiments in the 
rabbit. These observations are patently incom- 
plete and require supplementation by more ex- 
tensive investigation. 


Species Differences 


Among the problems that emerge in the 
course of studying atherosclerosis experimen- 
tally, perhaps the most intriguing is the one of 
species differences in susceptibility to lesions. 
Man, the chick and the duck develop athero- 
sclerosis “spontaneously.” The dog and the 


rabbit rarely do. Experimentally it is easy to 
produce gross atherosclerosis in rabbits or 
chicks. It is more difficult in guinea pigs, ham- 
sters and ducks. It is still more difficult in 
dogs. To date it has proved impossible evn- 
sistently to produce gross atherosclerosis in 
rats. Why these species differences in athero- 
genesis? In our laboratory Schlichter has s:ig- 
gested that they may depend on species v:.ri- 
ability in the adequacy of the vasa vasor im 
of the large arteries. On the other hand, cn- 
siderable evidence exists indicating that s e- 
cies differences in atherogenesis may depend 
on species variability in lipid metabolism. 
Studies by Horlick and co-workers in our 
department, utilizing the intravenous choies- 
terol tolerance technic, suggest that such 
variations exist. Thus the disappearance time 
of intravenously injected cholesterol is not the 
same in three species investigated to date. 
For proportional amounts of cholesterol the 
disappearance time in the rabbit is about 72 
hours, in the chick 24 hours, in the rat 12 hours. 
Recent ultracentrifuge and isotope studies also 
demonstrate species differences in lipoprotein 
and cholesterol metabolism. Moreover there 
are well-known marked species differences in 
the cholesteremic response to orally ingested 
cholesterol. In general, ease of hypercholes- 
teremia production and ease of atherosclerosis 
production parallel each other among. the 
various species. 

Finally, it is noteworthy that only in the 
rabbit and chick (and perhaps in man) can 
atherosclerosis be produced with but. slight 
hypercholesteremia, resulting from chronic 
cholesterol ingestion by these experimental 
animals. Undoubtedly further research will 
clarify the reasons for the foregoing species 
differences in lipid metabolism and _ athero- 
genesis. Undoubtedly such advances will be 
fruitful contributions to the ultimate solution 
of the whole atherosclerosis problem. 


Minimal Cholesteremia 


In the foregoing sections, we have briefly 
reviewed the experimental work of our de- 
partment on atherosclerosis. As indicatec, in 
many of our experiments the dosage of chvles- 
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tero! utilized resulted in marked hypercholes- 
terenia and organ lipidosis, as well as athero- 
sclerosis. The criticism has been frequently 
adv.need that lesions occurring under such 
circ :mstances are fundamentally different from 
tho-e seen in most human beings (excepting 
tho-e with gross xanthomatosis), since athero- 
scle:osis frequently occurs in people with 
pre-umably normal or near normal plasma 
and tissue cholesterol concentrations. In view 

his frequently advanced criticism, Stam- 

ind associates undertook two long-term 
experiments to explore this problem further, 
pari icularly in an effort to produce cholesterol- 
induced atherosclerosis in the chick with 
minimal concomitant hypercholesteremia and 
orgin lipidosis. It was found that a diet of 
0.25 per cent cholesterol mash induces a 
minimal hypercholesteremia and organ lipido- 
sis in chicks. Maintaining chicks on this diet 
for periods beyond 15 to 20 weeks had a pro- 
found effect on atherogenesis, in the presence 
of minimal changes in plasma and _ tissue 
lipid concentrations. A high incidence was 
found of moderately severe gross atherosclero- 
sis of the cholesterol-induced type in the tho- 
racic aorta. These experiments demonstrated 
clearly that significant cholesterol-induced 
atherogenesis proceeds in chicks fed a dietary 
level of sterol inducing little or no hyper- 
cholesteremia and organ lipidosis. These find- 
ings in the chick are in accord with previous 
experimental work in the rabbit. When they 
are evaluated in relation to the latest data on 
man, these observations assume _ particular 
significance. Thus, today a mass of data exists 
demonstrating that a “xanthomatous tend- 
ency” (minimal hypercholesteremia) prevails 
in many people who are victimized by athero- 
sclerosis. Moreover, considerable evidence is 
available indicating that cholesterol ‘input 
loads’? (the quantity of ingested cholesterol 
per unit time that the body must absorb, 
tral.sport, metabolize, turn over and excrete) 
infl.ences atherogenesis in man. This conclu- 
sion is reinforced by the recent studies of 
Got'nan indicating that diet may vary the 
con entration of various classes and species of 
plasna cholesterol-bearing lipoprotein mole- 


cules including classes and species tentatively 


implicated in the pathogenesis of atheroscle- 
rosis. 


CONCLUSION 


In conclusion, we may reiterate that a basic 
proposition has been the foundation of the 
work of this department on experimental 
atherosclerosis. The essence of this proposition 
is that altered cholesterol metabolism plays a 
key role in human atherogenesis. The corollary 
of this proposition is that study of experimental 
cholesterol-induced atherosclerosis—of the ex- 
ogenous and endogenous factors controlling 
it—would yield knowledge of fundamental 
significance for our understanding of human 
atherosclerosis. 

For many years some investigators rejected 
these concepts because atherosclerosis had been 
produced experimentally only in rabbits. The 
consistent production of gross cholesterol- 
induced atherosclerosis in omnivorous chicks 
and dogs and other species now compels 
rejection of this criticism. For many years some 
investigators maintained that experimental 
and clinical atherosclerosis were fundamentally 
different, since hypercholesteremia was a pre- 
requisite for the former, whereas the latter 
occurred in many normocholesteremic persons. 
The consistent production of gross cholesterol- 
induced atherosclerosis in chicks and rabbits 
with minimal hypercholesteremia, as well as 
the demonstration of a ‘‘xanthomatous tend- 
ency” in many persons with atherosclerosis, 
now compels rejection of this criticism. Dur- 
ing the last decade, particularly, research in 
both clinical and experimental atherosclerosis 
has brought overwhelming support to the basic 
tenet of the cholesterol concept of atherosclero- 
sis. What conclusion must be drawn from this? 
Certainly present knowledge does not permit 
us to state that the atherosclerosis problem is 
solved. Certainly much basic clinical and 
laboratory research on both exogenous and 
endogenous aspects of the role of cholesterol 
in atherosclerosis lies ahead of us before solu- 
tion is reached. What present knowledge af- 
fords us is a fundamental approach for future 
research—the approach embodied in what 
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we have termed the cholesterol concept of 
atherogenesis. In this direction, we predict, 
lies the solution of the atherosclerosis problem, 
and with it the eventual control and elimina- 
tion of this malevolent disease. 

This report is based on the work of a large team 
which over the last 10 years has included Doctors L. 
C, Akman, 8. A. Carlen, D. V. Dauber, M. Feldman, 
Jr., G. Gros, R. Harris, L. Horlick, M. Hurwitz, M. 
Lowenthal, R. 8. Megibow, A. J. Miller, R. Pick, 8. 
Rodbard, A. Sanders, J. G. Sehlichter, E. N. Silber 
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and J. Stamler and the following technicians: [, 
Adams, E. Arnold, C. Bolene, G. Crowley, M. Dud- 
ley, W. Foote, L. Friedberg, L. Havel, P. Johnson, | 
Levinson and J. Meyer. 

I am deeply appreciative of the valuable air of 
Dr. Stamler in preparing this review. 
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Human Atherosclerosis and the Diet 


By Ancet Keys, Pu.D. 


“Yp ISCUSSIONS about the possible ef- 
) fects of the diet on the development 
of human atherosclerosis center on 
five items: (1) calorie excess and the resulting 
olesity, (2) cholesterol in the diet, (3) animal 
fais in the diet, (4) total fats in the diet, (5) 
the dietary supply of substances which may 
have a “‘lipotropic” action, for example, 
lecithin, choline, inositol. Since the data on the 
possible action in man of the lipotropic sub- 
stances pertain to pharmacologic rather than 
dietary levels and, moreover, are either ques- 
tionable or negative in regard to an effect on 
atherosclerosis, the present discussion will 
not make further mention of these substances. 
There are abundant actuarial data which 
show there is an elevated incidence of fatal 
atherosclerosis in obese or overweight people. 
Youtine necropsy studies indicate a direct 
relationship between atherosclerotic changes in 
the arteries, including the deposition of choles- 
terol and lipids, and relative fatness of the 
whole body. Experiments on the production of 
atherosclerosis in animals likewise show that 
the relative calorie intake is important.’ But 
atherosclerosis occurs in many persons who 
are neither fat nor overweight. Our first real 
conclusion, then, is that the development of 
the atherosclerotic process is abetted, at least 
in some persons, by an excessive calorie intake 
and/or the resulting obesity. The calorie 
level of the diet is an influential but not a 
controlling factor. 

\t present the greatest concern about the 
diet in regard to atherosclerosis has to do with 
the consumption of foods which contain 
cholesterol. In some animals, notably the 
rabbit and the chicken, the addition of large 
an.ounts of cholesterol to the diet can lead to 
hich serum cholesterol concentrations and to 
ar!-rial lesions which resemble human athero- 
scl rosis in many respects. 

nfortunately, these animal experiments do 
hot necessarily have any relevance to the ques- 
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tion of the role of the diet in human athero- 
sclerosis. No animal species close to man in 
metabolic habitus has been shown to be sus- 
ceptible to the induction of atherosclerosis by 
cholesterol feeding. The nearest approach to 
metabolic comparability is the dog which re- 
quires extensive thyroid damage as well as 
tremendous amounts of dietary cholesterol 
before positive effects can be elicited. More- 
over, even in the favorite species for such ex- 
perimentation, the herbivorous rabbit, the 
necessary concentration of cholesterol in the 
diet is fantastically high in comparison with 
actual human diets. The actual range of daily 
intakes of cholesterol provided by real human 
diets is from zero to perhaps 1000 mg., but the 
vast majority of human diets seldom average 
as much as 700 mg. The cholesterol levels in 
the diets used to induce atherosclerosis in 
animals range from 0.5 to 5 per cent by weight 
of the dry food, the most popular level being 
2 per cent. This means something like 1000 
to 10,000 mg. of cholesterol per 1000 Calories 
of food, the 2 per cent cholesterol level being 
equivalent to about 4000 mg. per 1000 Calories 
if 30 per cent of the calories are derived from 
fats. We should have to provide some 10,000 
to 15,000 mg. of cholesterol daily to a man to 
be comparable. Moreover, there is reason to 
believe that man has a greater power of 
cholesterol regulation than does the rabbit or 
the chicken. From the animal experiments 
alone the most reasonable conclusion would 
be that the cholesterol content of human diets 
is unimportant in human atherosclerosis. 
Direct evidence on man in this connection is 
unimpressive. Arguments about the incidence 
of atherosclerosis and the customary intake of 
cholesterol in the Far East are based on no 
real data on either atherosclerosis incidence 
or the character of the diet. The recent analy- 
sis of mortality data in Seandinavia'® is more 
acceptable but still suffers from the inherent 
weakness of attempting to discover causation 
from a parallelism between crude estimates of 
national averages for two variables. Besides 
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the dubious point of attributing war-time 
changes in vital statistics to actual changes 
in atherosclerosis, the analysis glosses over the 
fact that the presumed variations in choles- 
terol intake were parallel to similar variations 
in total dietary fat and, at least to some extent, 
to changes in calories intake and physical 
activity (see also"). 

Such, in substance, is the actual evidence 
on human atherosclerosis itself. But  signifi- 
cant inferences can be made from indirect 
evidence if we admit that there is an impor- 
tant relationship between atherosclerosis and 
the concentration of cholesterol in the serum. 
There is overwhelming evidence for such a 
relationship: 

(1) On the average, wherever the serum 
cholesterol tends to be high—as in diabetes, 
nephrosis, hypothyroidism, and idiopathic hy- 
percholesterolemia—there is a tendency to- 
ward early and severe atherosclerosis. 

(2) Persons with definite evidence for dis- 
ease of the coronary arteries tend to have 
elevated serum cholesterol values‘ especially 
when they are compared with properly matched 
‘“normals.”® Good confirmation can be ob- 
tained from recent raw data. ® figs. 4. 15 

(3) There is at least some parallelism be- 
tween the age trend of cholesterol concentra- 
tion in the serum and the age trend in athero- 
sclerosis development.’: ° 

(4) In animal experiments there is a close 
parallelism between the serum cholesterol 
level and the development of experimental 
“atherosclerosis.” 

There is much new evidence on the effect 
of the diet on the serum cholesterol level in 
man. In the first place, the serum cholesterol 
level of man is independent of large differences 
in the habitual voluntary intake of cholester- 
ol.7:§ Several important confirmations of this 
fact have been published recently.*: '‘ Colossal 
intakes, however, far beyond those possible 
in natural diet, may cause a slow rise in the 
serum cholesterol.” 

The rice-fruit diet, which is devoid of both 
fats and cholesterol, produces a prompt fall 
in the serum of men with normal levels of 
cholesterol? and a dramatic fall in patients with 


severe idiopathic hypercholesteremia.* We 
have found that the addition of vegetable {at 
to this cholesterol-free diet is followed by an 
equally dramatic rise of serum cholesterol to 
previous levels. 

We have been able recently to make sys’e- 
matic studies on these questions with men 
under full supervision on diets rigidly c.n- 
trolled for some four months. Starting (and 
ending) with standard diets providing dauily 
intakes of 150 Gm. of fat and 600 to 700 ing. 
of cholesterol, the following findings emerg:d: 

(1) Change to a diet devoid of cholest« rol 
and providing 15 Gm. of fat daily produce: a 
rapid fall in serum cholesterol to about 80 
per cent of the control value. 

(2) Almost identical results were obtaiiied 
with the same diet to which had been added 
about 500 mg. of cholesterol daily. 

(3) Change to a diet devoid of cholesterol 
but providing about 70 Gm. of fat daily, pro- 
duced a decline in serum cholesterol about half 
as great as when the fat level was only 15 Gm. 
(No. 1, above). 

(4) The addition of 500 mg. of cholesterol 
daily to the diet (No. 3, above) providing 70 
Gm. of fat did not change the result. 

It should be noted that all of these experi- 
mental diets were comparable in calories and 
proteins, that the differences in fat intake were 
achieved by changing the amount of vegetable 
fat in the diet, and that the differences in 
cholesterol intake were achieved by adding or 
withholding whole egg yolks (from which 
cholesterol is readily absorbed). Finally, with 
each of the diets the major change in serum 
cholesterol occurred in the first week or so, 
and there was a tendency to reach a plateau, 
or at least a much slower rate of change, in 
subsequent weeks. 

Much longer-term experiments on man are 
desirable but, so far as they go, these data are 
consistent within themselves and with all other 
facts known to me. The ensemble points 
strongly to the conclusion that, other things 
being equal, the serum cholesterol level in 
adult man is independent of the cholesterol 
intake over the range of zero to at least 700 
mg. daily. But the fat intake is quite another 
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mutter and appears to have great importance. 
However, there is not the slightest evidence 
for a difference between animal and vegetable 
f:: in this regard.! 

it is now well recognized, and should have 
ben clear long ago, that all animals, including 

in, have a large capacity for synthesizing 
| olesterol. Our experiments on fat-free diets 
ai-o show that man has a large capacity to 

nove the cholesterol already present in the 
|y»od serum. On such diets the rate of removal 
cholesterol from the serum seems to be pro- 
tional to the initial (control) serum level of 
cholesterol. In one patient with hypercholes- 
vemia (900 mg. per 100 ml. of serum), the 
rate of disappearance from the blood was about 
1500 mg. daily for several weeks on a fat-free 
diet. But with the same cholesterol-free diet 
to which were added about 50 gm. of vegetable 
fat. there was an increase of cholesterol in his 
total serum amounting to about 1000 mg. a 
day for a period of several weeks. 

Now, clearly the cholesterol level is not the 
whole story in the development of atherosclero- 
sis; otherwise the patient mentioned above 
would have been dead long ago. But, in so 
far as there is an important relationship be- 
tween serum cholesterol and atherosclerosis, 
these dietary data have both theoretic and 
practical implications of some consequence. 

A final question may be raised about the sig- 
nificance of all this in view of the studies by 
Gofman and his colleagues on the materials 
separated in the ultracentrifuge. From the 
evidence reported so far we may make two 
comments and draw a tentative conclusion: 

(1) The response to diet of the serum con- 
centration of substances characterized by —10 
to —20 Svedberg units of sedimentation (the 
“G” substances) appears to be similar to our 
findings with serum cholesterol, and 

(2) There is as yet no reason to suggest that 
the concentration of G substances in the serum 
is ‘ny more closely related to atherosclerosis 
then is the concentration of total cholesterol. 

}) At present, we may conclude that the 
im| ications for atherosclerosis drawn from 
die ary effects on serum cholesterol would be 


similar if the serum criterion were the concen- 
tration of the G substances. 

In summary, then, we may remark that 
direct evidence on the effect of the diet on 
human atherosclerosis is very little and is 
likely to remain unsatisfactory for a long time. 
But such evidence as there is, plus valid infer- 
ences from indirect evidence, suggests that a 
substantial measure of control of the develop- 
ment of atherosclerosis in man may be achieved 
by control of the intake of calories and of all 
kinds of fats, with no special attention to the 
cholesterol intake. This means: (1) avoidance of 
obesity, with restriction of the body weight to 
about that considered standard for height at 
age 25; (2) avoidance of periodic gorging and 
even temporary large calorie excesses; (3) 
restriction of all fats to the point where the 
total extractable fats in the diet are not over 
about 25 to 30 per cent of the total calories; 
(4) disregard of cholesterol intake except, 
possibly, for a restriction to an intake less than 
1 Gm. per week. 
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Blood Lipids and Human Atherosclerosis 


By Joun W. Gorman, M.D., Ph.D., Harpin B. Jones, Ph.D., THomas P. Lyon, M.D., Frank 
| INDGREN, B.S., BEVERLY STRISOWER, B.S., Davip CoLMAN, B.S., AND VirGIL HERRING, B.S. 


“JmREVIOUSLY evidence has been pre- 
sented relating certain serum lipo- 
proteins to the development of athero- 

scl-rosis in man.'* Further studies now enable 
us to make quantitative estimations of the 
relitionship of certain aspects of lipid trans- 
port via lipoproteins with atherosclerogenesis, 
including follow-up studies. There are several 
points of evidence which have led us to an 
understanding of this derangement of blood 
lipoproteins from the ‘normal’ pattern. The 
first observation of derangement of the lipid 
transport mechanism was made on serum 
lipoproteins of rabbits subsequent to their 
development of hypercholesteremia by choles- 
terol feeding. 

In the course of cholesterol feeding, mole- 
cules of high S; classes, S; 10-30, 30-100, and 
higher (of higher molecular weight, lower den- 
sity, higher lipid content and lower protein 
content than the normally occurring lipopro- 
teins) appear in the serum, in contrast to the 
normal lipoproteins which are in the class of 
S; 10 and below. There is differential signifi- 
cance to the presence of these several lipopro- 
teins which appear in the serum under several 
types of experimental conditions inducing 
hypercholesteremia. For the rabbit there is no 
relation between the serum levels of S; 10 and 
lower and atherosclerosis! during active athero- 
genesis. A lack of positive relationship be- 
tween S¢ 10 and lower molecules and athero- 
sclerosis has been significantly demonstrated 
(r =~ —0.32). 

Some of these observations were on rabbits 
which received potassium iodide in addition 
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to cholesterol feeding. Under this condition 
the increase in serum cholesterol and serum 
lipids is primarily in the S; 10 and lower frae- 
tion, which is elevated as high as or higher than 
in the cholesterol-fed rabbit that develops 
atherosclerosis. In fact, severe atherosclerosis 
often develops with low levels of this class of 
lipoproteins, whereas no atherosclerosis de- 
velops in spite of several fold increase in con- 
centration of such lipoproteins. However, there 
is a high relationship (correlation coefficient 
= +0.8) between estimated degree of athero- 
sclerosis as measured at autopsy and the 
concentration of lipoproteins of the S; 10-30 
class when it develops regardless of the experi- 
mental condition. This observation is drawn 
from rabbits which were rendered hypercholes- 
teremic by: (a) cholesterol feeding, (b) choles- 
terol and oil feeding, (c) cholesterol and potas- 
sium iodide feeding, and (d) cholesterol and 
oil feeding in the alloxanized rabbit. (Each of 
these experimental types has a differential 
alteration of the serum lipoproteins). Under 
certain uniform conditions such as cholesterol 
or cholesterol and oil feeding there is an excel- 
lent quantitative relationship between degree 
of atherosclerosis and the total blood choles- 
terol. However, this is only due to the fact that 
the S; 10-30 molecules account in this case for 
the main proportion of the increase in total 
serum cholesterol. That the total blood choles- 
terol itself is not the important feature has 
been clearly demonstrated by Pierce‘ in our 
laboratory, studying the Duff> type of allox- 
anized rabbit. Duff has previously shown that 
feeding cholesterol to alloxan diabetic rabbits 
results in elevation of serum cholesterol to 
levels over 2000 mg. per 100 ce. with a much 
less severe atherosclerosis developing than in 
the normal cholesterol-fed rabbit at compara- 
ble and much lower total cholesterol levels. 
Pierce has shown that in the Duff type rabbit 
the cholesterol is transported primarily in the 
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form of molecules of the S;¢ 100 and higher 
classes. Some of the Duff type rabbits develop 
atherosclerosis, but they are the ones which 
also develop large amounts of S; 10-30 mole- 
cules as well as the S;¢ 30 and higher molecules. 
Recently Graham and co-workers® in this 
laboratory maintained cholesterol- and oil-fed 
rabbits on daily injections of heparin (10 mg. 
per kilogram per day). Heparin minimizes a rise 
in the concentration in the S; 10-30 class of 
molecules by facilitating the formation of 
lower S; classes of lipoproteins. These rabbits 
are markedly protected from atherosclerosis 
even though they are exposed to a metabolic 
burden of fat (3 Gm. per day) and cholesterol 
(1 Gm. per day) which ordinarily produces 
atherosclerosis. 

It appears therefore that high levels of S¢ 
10-30 lipoproteins are consistently associated 
with atherosclerosis in the rabbit, whereas no 
association can be established for the S¢ 100 
and higher and the S; 10 and lower classes. 
Serum cholesterol can be used as a partial guide 
only under the special conditions where the 
S; 10-30 molecules are relatively greatly in- 
creased. If cholesteremia in the Duff-alloxan 
type rabbit and the Anitschkow-cholesterol- 
fed rabbit is compared with atherosclerosis, 
a significant negative relationship will actually 
be found between atherosclerosis and serum 
cholesterol. As will be discussed later, each 
of the different types of rabbit hypercholes- 
teremia, (1) the Duff-alloxan type with its 
increment of increased cholesterol primarily 
in the lipoproteins greater than S; 100; (2) 
the Anitschkow-cholesterol-fed type with its 
increase first in the S_ 10 and lower; and (3) 
the later stage of cholesterol or cholesterol 
and oil feeding (with the bulk of cholesterol 
carried in the S¢ 10-30 class of lipoproteins), 
has its counterpart in types of human sera 
which are probably of similar differential sig- 
nificance (see fig. 1). 

Preliminary studies (with the cooperation of 
Kendall’ and Chaikoff*) on hypercholestere- 
mic-atherosclerotic dogs and chickens indicate 
that there is a similar shift in both species of 
the serum lipids to higher 8; lipoproteins than 
exist normally. It must still be determined, 
through a more extensive study, which special 


class may be involved in these species, although 
it is known that the S;¢ 10-30 class becomes 
elevated in both dog and chicken. 

A detailed account of the chemical com- 
position and physical nature of the lipopyo- 
teins composing the lipid transport system has 
appeared.*: °° Each of the lipoproteins at 
least nine discrete components up to S; 17 
and a host of unresolved components abcve 
S; 20 have been observed) contains choles 
terol, phospholipid and protein, but in differ:nt 
amounts. Those lipoproteins above S; 13 
contain neutral fat also. Since each lipoprotein 
can vary in concentration in a semi-indepeid- 
ent way, there is no assured relationship 
between total serum cholesterol or phospho- 
lipid or fat and the concentration of any par- 
ticular lipoprotein species. We have seen no 
higher correlation than r = 0.4 to 0.5 between 
serum cholesterol and any one of these lipo- 
protein components or between the individual 
lipoprotein classes. It is the purpose of this 
paper to evaluate quantitatively the relation- 
ship that does exist between total serum 
cholesterol and the certain classes of lipopro- 
teins in the human and the relation of each 
to atherosclerosis. We have previously indi- 
cated that elevation of the S; 12-20 lipopro- 
teins,*: |! is part of a lipid metabolic defect 
which is often associated with elevations in 
level of the S;¢ 20-100 class of lipoproteins. 
Further, there are many individuals who have 
inordinately high S; 20-100 levels at a modest 
S- 12-20 level. (See later section concerning 
S- 12-20 intercorrelation with lipoproteins 
above S; 20.) In humans with less severe de- 
grees of the metabolic error, S; 20-100 levels 
fluctuate acutely with reference to ingestion of 
fat. However, in those with severe degrees of 
the metabolic error the S;¢ 20-100 class is ele- 
vated even postabsorptively.'' Until now we 
have refrained from using the _ lipoproteins 
higher than S; 20 as a correlative guide be- 
cause of the greater fluctuations in concen- 
trations of these lipoproteins than occurs in 
the S;¢ 12-20 class. In spite of the variability 
in levels of molecules from S; 20-100, it has 
now become evident, as will be explained be- 
low, that these molecules are strongly related 
to atherosclerosis and represent an indepencent 
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contribution to accountability for atherosclero- The entire S¢ 12-100 class of lipoproteins 
sis, in addition to the already established asso- represents only about 10 to 15 per cent of all 
ciation of the S;¢ 12-20 class of lipoproteins with the serum lipoproteins and contains approxi- 
ath«rosclerosis. It should be pointed out that mately 10 to 15 per cent of the total serum 
the intercorrelation between the S; 12-20 cholesterol. As will be shown in analysis of the 
an the S¢ 20-100 classes of lipoproteins is data below, it is the cholesterol within the S¢ 
rel: tively low, and it is common to see severe 12-100 lipoproteins that represents the entirety 
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Fig. 1. Ultracentrifugal flotation patterns, showing the increase in the lipid metabolic defect in 
the human and the experimental rabbit. In all these figures the S; rates can be read off the S; scale 
placed on all frames; concentrations of various lipoprotein fractions are proportional to the shaded 
areas. A shows the flotation pattern of a normal child and a normal rabbit, both having low concen- 
trations of lipoproteins below S; 10 and trivial concentrations above S; 10. B shows the patterns for 
a normal human and for a rabbit with elevation of the concentrations of lipoproteins below S; 10 but 
without appreciable elevations of lipoproteins of higher S; classes. C shows corresponding patterns 
for human and rabbit with moderate concentrations of lipoproteins of S; 10 and less, but with great 
elevations in the S; 12-20 and 20-40 classes in the human and S; 10-30 class in the rabbit. This rabbit 
developed marked atherosclerosis. D shows analogous patterns for human and rabbit with marked ele- 
vation of S; 12-20 class in human and S§; 10-30 class in rabbit, but with depression of the concentra- 
tion of lipoproteins of S; 10 and less. This rabbit also developed marked atherosclerosis. E shows the 
manifestation of severe lipid metabolic error in human and rabbit. Note the low concentration of 
lipoproteins below S; 10, moderate concentration of lipoproteins of 8S; 12-20 class in the human and 


S; 10-30 class in the rabbit, and high concentration of lipoproteins from S; 20-100 in both human and 
rabbit. 


disproportion in the concentration of Sr of the association of cholesterol with athero- 
2.0 and S; 20-100 classes. Atherosclerosis sclerosis. Since this amount is such a small 
is associated with elevated levels of either class fraction of the total cholesterol, and is so 
of lpoproteins, and since the intercorrelation poorly related to the remaining 85 to 90 per 
of tlie two classes is low, a significant improve- cent of the cholesterol, it is largely masked in 
mei! in identification of atherosclerogenic the routine determination of total serum 
stats results from consideration of the entire cholesterol, even if the latter measurement is 
S; !2-100 class of lipoproteins (that is, the done with great accuracy. 


sum S;- 12-20 and S; 20-100). In this report we have studied two groups: 
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(1) patients with coronary artery disease mani- 
fested by either myocardial infarction or classic 
angina pectoris, and (2) individuals who are 
presumably normal in that they show no 
clinical sign.of atherosclerosis and are in active 
physical condition normal to their mode of 
living. While other diseases with atheroscle- 
rotic complications are discussed, particular 
use is made of coronary artery disease, for 
it can be diagnosed with a high degree of re- 
liability. This criterion group is manifesting a 
complication of atherosclerosis of the coronary 
arteries in an estimated 90 to 95 per cent of 
cases.” Among normal persons, atherosclerosis 
is consistently reported with high occurrence 
rate from autopsy reports.’ Presumably, for 
many years of evolution of the atherosclerotic 
state, there was no external sign of the disease. 
It is estimated that in any group of supposedly 
normal, adult men, 30 to 50 per cent may be 
actively developing arterial atheroma." Statis- 
tical comparisons made between presumed 
normals and atherosclerotics are, in their crude 
form, of limited quantitative interpretation, 
since they contrast a population about 95 per 
cent atherosclerotic to a population 50 to 80 
per cent “true normal” admixed with 50 to 
30 per cent atherosclerogenic normal. How- 
ever, it is possible to estimate a correction for 
the impurity of the latter criterion group, as 
will be described in a later section. 

We have studied 253 normal men and 93 
men with coronary artery disease, all between 
the ages of 41 and 50 years. Of the coronary 
group, 75 were men studied at least six weeks 
after a myocardial infarction and 18 were men 
manifesting typical angina pectoris. In another 
group of men between the ages of 51 and 60 
years 149 were normal and 126 had coronary 
disease; in this coronary group there were 110 
survivors of myocardial infarction and 16 
patients with typical angina pectoris. There 
were no significant differences in lipoprotein 
or cholesterol levels between the cases with 
angina and those with myocardial infarction, 
so in each age group both types were combined 
as “patients with coronary artery disease” 
for purposes of analysis. 


Several approaches were made to the analysis 
of the data in an effort to assess the relationship 
S;¢ 12-20 and S; 20-100 lipoproteins and of 
total serum cholesterol to atherosclerosis, 
Over-all relationships and the relationship of 
ach measure independent of the others were 
evaluated previously"; it was demonstrated 
that the S; 12-20 lipoprotein levels were 
consistently two to four times as effective as 
the serum cholesterol level in segregating 
atherosclerotics from normals. It  beeca:ne 
apparent in those data that there was a slight 
residual association of serum cholesterol levels 
with atherosclerosis in the 41 to 50 year «ge 
group, even when the relationship of S; 12 20 
lipoprotein levels with atherosclerosis was 
taken into account. This suggested the prob- 
able existence of certain additional lipopro- 
tein classes independently associated with 
atherosclerosis. The current analysis confirms 
the association of certain lipoproteins (the 
S; 12-20 and 8; 20-100 classes) with athero- 
sclerosis and the exclusion of other lipoproteins 
from such association. The analysis shows 
further that the total serum cholesterol level 
is associated with atherosclerosis only through 
its weak relationship with the important 8; 
12-20 and S; 20-100 classes of lipoproteins. 
When individuals are evaluated at the same 
combined level of lipoproteins of the S; 12-100 
class (S; 12-20 plus S; 20-100), there is no 
residual relationship of the remaining bulk 
(~ 85 to 90 per cent) of the serum cholesterol 
with atherosclerosis, even in individuals with 
marked hypercholesteremia. Serum cholesterol 
measurements permit only a slight segregation 
of atherosclerotics from normals in the age 
group under 50 years, and permits no segrega- 
tion of the atherosclerotic group from the 
normal group above the age of 50 years. Over- 
all, a serum cholesterol determination tends 
more to obscure than to clarify the status of 
an individual with respect to atherosclerosis. 
By contrast, the S; 12-100 lipoprotein deter- 
mination offers a continuous scale of positive 
association with atherosclerotic activity, no 
matter whether the serum cholesterol is low, 
moderate, or high. 
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\NALYSIS OF THE RELATIONSHIP OF S; 
12-20 anv S; 20-100 LipoproTerIns 
AND OF SERUM CHOLESTEROL TO 
ATHEROSCLEROSIS 

‘ihe literature concerning serum lipids is 
maked by great differences which are the 
resi !t both of nonuniformity of populations 
san pled and of technical differences in labora- 
tor: procedures of analysis. It is ridiculous to 
con rast serum lipid analyses between groups 
witiiout rigorous control of both of these 
sources of variation in reported lipid concen- 
traiion. For this study it has been an absolute 
requirement to determine both lipoproteins 
and total serum cholesterol on the same serum 


level, and the total serum cholesterol level, 
are significantly higher in patients with 
coronary artery disease than in normal per- 
sons. The first crude assessment of the asso- 
ciation of each measure with atherosclerosis 
can be made by comparing the difference in 
mean levels (between the normal and coronary 
group) with reference to the standard devia- 
tion of the distribution of values for each 
measure. Thus it is seen that the greatest 
relative difference established for normal sub- 
jects and coronary patients 41 to 50 years old 
is in the combined S; 12-20 and S; 35-100 
lipoprotein measure. Next is the separation 
achieved by the S; 35-100 lipoprotein measure. 


TaBLE 1.—Lipoprotein and Cholesterol Measurements in Normal Subjects and Patients with Coronary 
Artery Disease 


Normal Subjects 


No. Cases 


Mean S; 12-20 Lipoprotein Level. . 15 
: €4 


Mean 8; 35-100 Lipoprotein Level i 
Mean Combined S_ 12-20 + S¢ 35-100 Lipopro- 
tein Level. nde 

Mean Serum Cholesterol Level 
Intercorrelations* 

S; 12-20 vs. Chol.... 

S; 35-100 vs. Chol.... 

S; 12-20 vs. S- 35-100. 


All values are given plus or minus the standard deviation of the distribution. 


41-50 Year Age Group (Males) 


C5 191 + 93 107 + 
€3 297 + 68 274 + 6 286 + 69 


51-60 Year Age Group (Males) 


Coronary Disease 
Patients 


Coronary Disease 


Patients Normal Subjects 


93 149) 126 


2 1 + 32 46 + 21 70 + 31 
49 120 + 74 61 + 45 92 + 65 


162 + 79 


= 


0.39 0.25 
0.13 0.0 
0.54 0.38 


* Coefficients of correlation are expressed as Pearson r. 


sample under controlled laboratory conditions. 
This approach permits a direct comparison 
between these two types of lipid analysis as 
to their association with atherosclerotic tend- 
ency. 

Table 1 provides a summary of the per- 
tinent data for the various lipoprotein classes 
mexsured and for the total serum cholesterols 
in ihe 41 to 50 and 51 to 60 year age groups 
co sidered. These data are requisite to a fur- 
thc: evaluation of the association of any of the 
me isures with atherosclerosis. It is evident 
th: + for the 41 to 50 year age group, all three 
mc.isures, the S;¢ 12-20 level, the S;¢ 35-100* 





S; 20-100 class equals S- 20-35 plus S; 35-100. As 
dis ussed in the text, the independent contribution 
of »; 20-35 is small; it is omitted from this analysis. 


An almost equivalent separation exists for the 
S;¢ 12-20 lipoprotein measure. The poorest 
separation exists for the serum cholesterol 
measure. The actual values of the quotient of 
difference in means by the o for each meas- 
ure is given in table 2. 

Consideration of the ratios in table 2 reveals 
that for the 41 to 50 year age group measure- 
ment of either S¢ 12-20 or S¢ 35-100 lipopro- 
tein segregates patients with coronary disease 
from normal subjects with high efficiency. 
The best segregation of coronary disease 
patients from normal subjects is achieved by 
combining the S; 12-20 and S; 35-100 lipo- 
protein values. Since the contribution of the 
S+ 12-20 and S; 35-100 measures are in large 
part independent of each other, it is under- 
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standable that the combination is superior to 
either alone. Individually and combined the 
lipoprotein measurements are highly superior 
to serum cholesterol measurement in segregat- 
ing coronary disease patients from normals. 
In fact, in the 51 to 60 year age group the 


‘cannot be 
shown to produce any significant segregation 


serum cholesterol measurement 


of the coronary disease group from the normal 
group. 


TaBLeE 2.—Crude Segregation of Patients with Coro- 
nary Disease and Normals by the Lipoprotein and 
Cholesterol Measures 


Difference Standard Ratio, Dif- 
in Means Deviation ference in 
(Coronary of Normal Means: 

Disease — Distribu- Standard 
Normals) tion Deviation 


41-50 Years 
mg. per mg. per 
100 cc. 100 cc 


Combined S; 12-20 + SS, 

ND tate nick wick CoN 6 82 65 
OF | ae ipa 56 49 
S; 12-20.. po : 25 
Serum Cholesterol....... 37 


51-60 Years 


Combined §S; 12-20 + S; 
35-100........ 55 
PD coors a eS kes des 31 
| 24 
Serum Cholesterol.... 12 


A simple method of measuring the associa- 
tion of each factor (that is, S; 12-20 level, 
S; 35-100 level, or serum cholesterol level) 
independently with atherosclerosis is achieved 
by comparing the lipoprotein segregating 
ability at any particular serum cholesterol 
level, and conversely the serum cholesterol 
segregating ability at any particular lipopro- 
tein level. Thus, there are given in figure 2 
A, B, C the average values of S; 12-20 and 
S; 35-100 lipoprotein levels for every part of 
the serum cholesterol range, for both normals 
and patients with coronary artery disease. 
It is evident that the patients with coronary 
artery disease show essentially the same ele- 
ration of S¢ 12-20 and S; 35-100 lipoproteins 


above normal levels when compared at the 
same cholesterol level throughout the eniire 
cholesterol range. This is equivalent to match- 
ing each patient with coronary disease wit! a 
normal who has the same cholesterol level, 
Conversely, the data of figure 2C can be used 
to compare the serum cholesterol level in 
patients with coronary disease with the |: vel 
in normal persons at the same lipopro ein 
level. It is seen that when individuals in the 
coronary group are matched with normals | ay- 
ing the same lipoprotein levels there is no 
significant difference in cholesterol level, i:idi- 
‘ating that cholesterol level of itself does not 
segregate coronary and normal populations 
independently of its weak association with the 
lipoprotein classes (S; 12-20 and S; 35-!00) 
which are truly associated with atherosclerosis. 
For the two age groups studied, the actual 
data obtained in such comparisons are given 
below. 


Comparison of S; 12-20 and S; 35-100 Lipopro- 
teins in Coronary Disease Patients and in Nor- 
mal Subjects at Identical Cholesterol Levels 


From the data shown in figure 2 A; B, C it 
‘an be seen that 41 to 50 year old patients with 
coronary disease average higher than normal 
in (S¢ 12-20 plus S¢ 35-100) lipoproteins by 
69 mg. per 100 cc., higher in S¢ 35-100 lipo- 
proteins by 51 mg. per 100 cc., higher in §; 
12-20 lipoproteins by 18.0 mg. per 100 cc.; all 
comparisons are with normal subjects at 
equal cholesterol levels. Patients 51 to 60 
years old with coronary artery disease also 
show equivalent elevations, namely 22 mg. 
per 100 cc. higher in 8S; 12-20 lipoproteins than 
equivalent normals for the same cholesterol 
level. 


Comparison of Cholesterol Levels at Correspond- 
ing Serum Lipoprotein Concentrations 


In the 41 to 50 year old group of patients 
with coronary artery disease, cholestero! is 
only 17 mg. per 100 ec. higher than in normals 
compared at the same S; 12-20 level. ‘his 
small residual elevation is completely lost w hen 
coronary and normal populations are «on- 
trasted at the same (S; 12-20 plus S; 35~-'00) 
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Fig. 2A, B, C. In each diagram separate lines indicate the normal subjects and the coronary dis- 
ease patients. The lines marked ‘‘average cholesterol” indicate the value of the serum cholesterol for 
a sample of the population chosen at a precise lipoprotein level (either S; 12-20 or the sum of S; 12-20 
and S; 35-100, depending upon which plot is considered). The lines marked ‘“‘average S; 12-20”’ indi- 
cate the value of the lipoprotein level for a sample of the population chosen at a precise cholesterol 
level. 

These plots show explicitly that the S; 12-20 or S; 12-20 plus 8S; 35-100 lipoproteins can consistently 
separate the coronary disease population from the normal population, regardless of the cholesterol 
level encountered. Shown equally well is the failure of the serum cholesterol level to separate con- 
sistently the coronary disease population from the normal population, when these populations are 
compared at a given lipoprotein level. . 

D. These plots show the equivalent and independent segregating ability of both the S; 12-20 and the 
$+ 35-100 lipoprotein levels for coronary and normal populations. 

In all plots the intersection of the two normal curves, or of the two coronary disease curves, gives 


the mean values for the population concerned; for example, in 2A, the mean serum cholesterol and 
mean S- 12-20 levels. 


levc's; the coronary population is 1 mg. per coronary artery disease are likewise unsegre- 

100 ee. of cholesterol lower than normals of the gated from normal subjects by cholesterol 

san’ (S¢ 12-20 plus S; 35-100) levels. when cholesterol levels are compared at the 
|, the 51 to 60 year old group, patients with same S; 12-20 level. 
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Thus it is apparent that lipoproteins of the 
S, 12-100 class are highly associated with the 
atherosclerotic state and that total serum 
cholesterol is only related to the extent that the 
small fraction of cholesterol (contained in these 
particular lipoproteins) can influence the bulk 
of total serum cholesterol. Inasmuch as ap- 
proximately 90 per cent of total serum cho- 
lesterol is unassociated with atherosclerosis, 
gross deception is usually to be expected in 
attempting to evaluate atherosclerosis from 
the serum cholesterol level on the individual 
basis. A patient with high atherosclerotic 
activity will frequently be completely mis- 
diagnosed because his serum cholesterol is 
moderate or low; conversely, there are many 
hypercholesteremic individuals who are falsely 
evaluated as having high atherosclerotic ac- 
tivity. Both of these errors will in general be 
avoided if the truly atherosclerogenic lipo- 
proteins are used as a clinical guide, rather 
than the serum cholesterol. level. 

Figure 2D shows clearly the independent 
association of the molecules of the S; 35-100 
lipoproteins with atherosclerosis. Even though 
the S; 35-100 lipoprotein level is partly re- 
lated to the S; 12-20 level, the S; 35-100 level 
is higher in patients with coronary artery dis- 
ease when both normal and atherosclerotic 
persons are compared at the same S; 12-20 
level. Conversely, the S;¢ 12-20 level is asso- 
ciated with atherosclerosis independently of 
its partial relation to S; 35-100 levels. 

The S; 20-35 class of lipoproteins is also 
somewhat independently associated with ath- 
erosclerosis; however, it is related to both the 
S; 12-20 class and the S; 35-100 class. Hence 
very little additional gain in assessing athero- 
sclerotic potentialities can be made by includ- 
ing this fraction. A more extensive analysis of 
our data will be necessary to establish the 
most effective means of assigning relative 
weights to the various lipoproteins within the 
S; 12-100 class. For the present, due to the 
larger fluctuation of the S;¢ 35-100 class, it is 
advisable to regard the S; 12-20 and S; 35-100 
classes separately and combined. This does not 
imply that the S; 35-100 is of less significance, 
but rather that its variability may be obscur- 
ing an even stronger relationship. 


HyYPERCHOLESTEREMIC STATES AND 
ATHEROSCLEROTIC ACTIVITY 


Hypercholesteremia (levels over 300 ing, 
per 100 cc.) has long been considered to be 
associated with atherosclerosis. However, there 
is reason to believe that there are differences in 
atherosclerotic activity even among the hyjer- 
cholesteremics. To study this question we 
have compared all the normal subjects (134 
‘ases) having serum cholesterol levels over 300 
mg. per 100 ce. with all the patients with 
myocardial infarction (90 cases) of correspcnd- 
ing age and sex. A slight adjustment betv een 
the two groups, correcting to the same se:um 
cholesterol level, was made using the regres- 
sion equation. (Actual serum cholesterol mean 
for coronaries was 355; for normals, 347.) 
When patients with infarcts are compared 
with normals, both at the same mean choles- 
terol level (355 mg. per 100 cc.), the S¢ 12-20 
level in the myocardial infarct group is 89.5 
mg. per 100 ec., while that of the normal 
group is 64.5 mg. per 100 cc. The difference of 
25 mg. per 100 ce. is highly significant (p < 
1 per cent). 

If the data for the normals are corrected by 
the regression equation so that the S; 12-20 
levels are equal in the myocardial infarct and 
normal groups, the mean cholesterol is not 
higher in those with infarcts than in the nor- 
mals. 

Of special interest, because of its exception- 
ally high atherosclerotic activity, is the group 
manifesting the syndrome xanthoma  tubero- 
sum. These patients are quite uniformly hy- 
percholesteremic, but appear to have mani- 
festations of atherosclerosis in excess of what 
might be anticipated for their degree of hyper- 
cholesteremia. Twelve cases of xanthoma 
tuberosum were matched with hypercholes- 
teremic normals. 

The serum cholesterol of the 12 cases of 
xanthoma ranged from 275 mg. to 640 mg. 
per 100 ce., averaging 489 mg. per 100 cc. The 
S; 12-20 lipoproteins in these cases ranged 
from 76 mg. per 100 ce. to 520 mg. per 100 
ec., averaging 250 mg. per 100 cc. The closest 
matched group of hypercholesteremic normals 
that was possible showed a range of 423 to 492 
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mg. per 100 ce. serum cholesterol, averaging 
447 mg. per 100 ce. The S¢ 12-20 lipoproteins 
ranged from 48 mg. per 100 cc. to 99 mg. per 
100 ce., except for one case at 300 mg. per 
100 «e., and averaged 85 mg. per 100 cc. A 
slight correction of the normal group to serum 
chol sterol level identical with the xanthoma 
patients was made by use of the regression 
equition. The equivalent normals at 489 mg. 
per 100 ce. serum cholesterol would have an 
Ss; 12-20 level of 96 mg. per 100 cc. Thus, the 
extraordinary atherosclerotic tendency of pa- 
tients with xanthoma tuberosum is explain- 
able because their level of S; 12-20 lipoproteins 
is about two and one-half times higher than 
even equivalently hypercholesteremic normals. 


Tur ACCOUNTABILITY FOR THE ATHERO- 
SCLEROTIC STATE FROM LIPOPROTEIN 
MEASUREMENT 


In a previous paper," by the technic of 
biserial correlation, we have estimated roughly 
the extent of accountability for the atheroscle- 
rotic state that can be drawn from the measure- 
ment of these serum lipoproteins. These cor- 
relation technies are not being used to establish 
the independent significance of the lipoproteins 
in atherosclerosis, but rather in an attempt to 
assess how closely these lipoproteins account 
for the totality of factors which lead to athero- 
sclerosis. An estimation has been made of the 
biserial correlation coefficient for the combined 
S; 12-20 and the S; 35-100 measurement with 
atherosclerosis for the 41 to 50 year age group 
reported in this paper. This biserial r is 0.57. 
Ideally one may square such a correlation co- 
efficient to obtain the fraction of the total 
variance (which is unity) that has been 
accounted for directly. In this case the total 
S; 12-20 and S; 35-100 have accounted for 
about four-tenths of factors associated with 
atherosclerosis. The serum cholesterol meas- 
urement contributes nothing further to this 
estimate. There are limitations to the general 
use of the biserial technic in an absolute sense 
in situations of this type; these have been 
discissed fully in an earlier paper."' For, 
Whiiever quantitative methods are used to 
este lish relationship between these serum 
lipo .roteins and atherosclerosis, .vertain fac- 


tors will always preclude complete account- 
ability of the true relationship that exists. 
Among these factors are the following: 


(1) Accumulated Atherosclerosis vs. Atheroscle- 
rotic Activity 


Measurement of derangement of lipid me- 
tabolism by S- 12-20 lipoprotein molecules is 
thought to indicate active atherosclerogenesis. 
Is myocardial infarction caused by active or 
accumulated atherosclerosis? If it is primarily 
a disturbance of accumulated atheroma, then 
angina or myocardial infarction is not a pure 
criterion of active atherosclerosis and is of 
value only through the relationship of degree 
of atherosclerosis to rate of accumulation of 
atherosclerosis. This error has not been esti- 
mated and cannot be estimated at this time. 


(2) The Impurity of the “Normal” Population 


The normal population is composed of a 
group of true normals whose atherosclerotic 
activity is insufficient to produce significant 
atherosclerosis, and normals whose athero- 
sclerosis has not yet advanced to clinically 


detectable levels or to manifest complications 
of atherosclerosis. It is variously estimated that 
30 to 50 per cent of normals are moderately to 
severely atherosclerotic.” 


(3) Focal Factors in Atherosclerosis 


The focal character of atherosclerosis, espe- 
cially when of mild degree, is indisputable, but 
this is consistent with the role of lipids in its 
pathogenesis. It is entirely reasonable that, 
given the necessary lipid metabolic abnormal- 
ity, certain susceptible sites will be earlier and 
more extensively involved. It may well be the 
vase that if such lipid metabolic abnormality is 
not present, even susceptible focal sites will 
not show appreciable disease. In this factor 
alone there can be great individual variation, 
even though we feel it is justifiable to say that 
atherosclerosis of the coronary arteries (and its 
rate of development) will on the average be 
more pronounced in patients with myocardial 
infarction than in normals. The exact degree 
to which this factor prevents accounting for the 
total variance between atherosclerotic and 
normal subjects cannot be estimated at this 
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time. This factor is of importance and it is 
hoped that follow-up autopsy will enable an 
assessment of its magnitude. 


(4) Reliability, Errors and Consistency of Meas- 
urements 

Any measured relationships between such 
factors as total serum cholesterol or S; 12-20 
lipoproteins with atherosclerosis are influenced 
by errors of measurement and biologic varia- 
tion with time. Such errors and biologic varia- 
tion have the effect of reducing the measured 
relationships, as they have been calculated in 
this discussion from single measurements on 
all subjects, normal or atherosclerotic. We 
have previously made an effort to assess these 
factors in order that the observed S; 12-20 
or cholesterol relationship to atherosclerosis 
may be corrected for this attenuation." 

The over-all reproducibility from  deter- 
mination to determination on the same in- 
dividual has a coefficient of reliability of 0.67 
+ 0.05 for S; 12-20 determination and 0.75 + 
0.07 for total serum cholesterol determination. 
(These figures represent the reliabilities over 
the one-year period during which the data re- 
ported in this paper were collected). During 
the same interval the technical reproducibility 
of the two measurements showed coefficients 
of reliability of 0.80 + 0.04 for S; 12-20 
measurement and 0.91 + 0.001 for serum 
cholesterol measurement. Therefore it is esti- 
mated that the biologic variation during this 
period is expressed by a coefficient of reliability 
of r = 0.84 + 0.06 for S; 12-20 measurement 
and r = 0.82 + 0.07 for total serum choles- 
terol measurement. 

This may be translated into terms of ob- 
served biologic variation for the average “‘nor- 
mal” (41 to 50 years) whose S; 12-20 level is 
45 mg. per 100 cc. From the standard devia- 
tion of the distribution of levels (¢ = 27 mg. per 
100 cc.) and the reliability coefficient r = 
0.84, we calculate a standard error of the ob- 
tained value of approximately 10 mg. per 100 
ec. S; 12-20 lipoproteins. For serum choles- 
terol, the average ‘‘normal’’ whose level is 
260 mg. per 100 cc., with a standard deviation 
of the cholesterol distribution of 63 mg. per 
100 cc. and r = 0.82, will show a standard 


error of the obtained value of 25 mg. per 100 
ec. cholesterol. Thus, a single measurement 
places the average individual within + 19 
mg. per 100 ec. S; 12-20 and + 25 mg. per 100 
ec. serum cholesterol of his “true” value for 
that particular year period two-thirds of the 
time. 

For over-all variation, including bio ogic 
variation and technical errors of measuren ent, 
a single determination has a standard err: of 
the obtained value of 15 mg. per 100 ¢.. §, 
12-20 and 29 mg. per 100 cc. serum choles' erol, 
Thus a single measurement places an indiv dual 
(including both biologic variation and _ech- 
nical error) within + 15 mg. per 100 ce. 
S;, 12-20 and + 29 mg. per 100 ce. cholesterol 
of the “true” values two-thirds of the ‘ime. 

The crude biserial r found for the S; 12-20 
plus S- 35-100 lipoproteins gives a correlation 
with atherosclerosis of approximately + 0.57. 
When corrected for (1) the fact that the 
populations of “normals” and coronary dis- 
ease patients are only impurely identified, 
and (2) technical errors that separate a single 
determination of serum lipoproteins from its 


true value, the true biserial r may be much 
greater than the 0.57 measured and may be 
sufficiently close to unity to account for all 
the etiologic factors in this disease. 


SIGNIFICANCE OF S; 12-20 LiIpoPpRorein 
LEVELS IN THE PROGNOSIS AND MAn- 
AGEMENT OF ATHEROSCLEROSIS 


In the preceding section quantitative evi- 
dence has been presented for the relationship 
of S+¢ 12-20 lipoprotein levels to atherosclerotic 
activity. It follows therefore that the 5; 
12-20 levels might be of prognostic value in 
patients with established atherosclerosis, in 
assessing their present potential of atheroma 
production, as well as in normals, in predicting 
their likelihood of developing a clinical mani- 
festation of atherosclerosis. We have suff- 
cient follow-up data now to evaluate both of 
these possibilities. 


Prediction of Occurrence of Myocardial In/are- 
tion in the Normal Population 


A follow-up study has been in progres: for 
the past one and one-half years to ol tain 





ATHEROSCLEROSIS. A SYMPOSIUM 129 


information on the occurrence of clinical 
man festations of atherosclerosis in individuals 
prev ously classified as normal and measured 
for ‘heir S¢ 12-20 lipoprotein level. At this 
time we have complete follow-up information 
fron a block of 1500 normal subjects studied. 
The:e have been four occurrences of myocar- 
dial infarction documented in males previously 
normal. These occurred at ages 38, 42, 45 
and 53 with S_¢ 12-20 levels of 100, 68, 55, 
and 52, respectively. At the same ages in the 
normal group there are 1000 cases, of whom 
340 were above 50 mg. per 100 ce. at the time 
of study and 660 were below 50 mg. per 100 
cc. While the number of cases of occurrence 
of myocardial infarction is small, the chance 
that the relationship between S; 12-20 levels 
greater than 50 mg. per 100 cc. and occurrence 
of infarction is not significant is only 1 in 50. 

In a group of hypertensives (200) that had 
shown no clinical evidence of atherosclerosis 
at the time their S; 12-20 levels were deter- 
mined, there have now been three occurrences 
of myocardial infarction at levels of 55, 78, and 
145 mg. per 100 cc. These numbers are not 
significant by themselves, but they further 
show that the range of 50 mg. per 100 cc. 
S; 12-20 and above includes the probable 
occurrences of myocardial infarction, since 
50 mg. per 100 ec. is the 50:50 division of 
the hypertensive population. There are many 
uncomplicated hypertensives in the normal 
S; 12-20 ranges. 


Recurrence of Myocardial Infarction in Patients 
with Established Coronary Artery Disease 


In a group of patients with previously known 
coronary artery disease, a rate of occurrence of 
myocardial infaretion higher than in a normal 
population is expected. We have now been 
abl to observe 39 recurrent myocardial in- 
fartions in the over-all coronary disease 
por ulation (359 cases) for which we have fol- 
lov up information over a one year period. 
Of these recurrences, 36 showed a level of 
S; 12-20 lipoproteins at the time of initial 

ly over 50 mg. per 100 cc., and three had 

‘ls below 50 mg. per 100 cc. The actual 

\ ls in the recurrences were: 210, 156, 136, 

', 125, 116, 114, 114, 109, 101,100, 97, 92, 


88, 88, 88, 88, 85, 84, 84, 84, 83, 78, 78, 76, 
76, 65, 65, 64, 62, 62, 61, 54, 52, 51, 50, 44, 43, 
and 38 mg. per 100 ec. S¢ 12-20 lipoproteins. 

There are no factors of difference between 
the over-all nonrecurrence coronary popula- 
tion and the recurrence population, at least 
with regard to age, physical activity, sex, 
previous clinical history, or drug therapy. 
Some of both the recurrence and nonrecur- 
rence group had been on low fat—low choles- 
terol diets. Since there are no significant dif- 
ferences between the two groups in other 
respects, it is justifiable to compare them on 
the basis of their initial S_¢ 12-20 lipoprotein 
levels. Considering a level of 50 mg. per 100 
cc. S¢ 12-20 lipoproteins, 36 of the recurrences 
were above this level and three were below 
this level, whereas in the nonrecurrence group 
202 were above and 118 were below this level. 
A test of significance of the relationship of 
levels above 50 mg. per 100 cc. with recur- 
rence of myocardial infarction indicates there 
is less than 1 chance in 1000 that this point of 
segregation is not real. An even more striking 
difference is seen above 80 mg. per 100 cc. 
when the recurrence and nonrecurrence groups 
are contrasted. In the recurrence group 22 
cases were above 80 mg. per 100 cc. and 17 
cases were below; in the nonrecurrence group, 
64 cases were above 80 mg. per 100 cc. and 
256 cases were below. A test of the relationship 
of S; 12-20 levels above 80 mg. per 100 ce. 
with recurrence of myocardial infarction indi- 
cates there is less than 1 chance in 10,000 that 
this point of segregation is not real. These 
results may be converted to another form of 
some practical predictive value. The data are 
plotted in figure 3 as the per cent chance of 
recurrence of myocardial infarction in one 
year as a function of a single measured level 
of S; 12-20 lipoproteins (along with the data 
for occurrence of myocardial infarction in one 
year for individuals who have not previously 
manifested coronary artery disease). The plot 
indicates that for a patient with coronary ar- 
tery disease the over-all chance of a recurrence 
within one year is approximately 17 per cent 
for an S¢ 12-20 level of 100 mg. per 100 cc., 
whereas it is approximately 6 per cent for an 
S+ 12-20 level of 50 mg. per 100 cc. These 
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data show that the prognosis for a patient with 
coronary artery disease is much worse if the 
S-¢ 12-20 lipoprotein level is high than if it is 
moderate or low. 

A study of 49 patients in the acute phase of 
myocardial infarction shows that the S; 12-20 
lipoprotein level determined during the first 
week after occurrence (or from autopsy blood 
for some of the fatal cases) is of prognostic 
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vious history, it is justifiable to regard the only 
difference as the lipoprotein level difference, 
It will be noted that among the survivors the 
average level is lower than for those myvcar- 
dial infarction survivors studied at leas: six 
weeks beyond the acute episode (see fig. 13), 
We have frequently observed rises in level in 
a given patient after the acute phase of a myo- 
cardial infarct is past. This probably indicates 
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Fic. 3. Shows the per cent chance of recurrence of myocardial infarction in patients with coro- 
nary artery disease as a function of S; 12-20 lipoprotein level.It is based upon 39 recurrent myocar- 
dial infarctions in one year follow-up of 359 patients with known coronary artery disease. The 
class intervals are indicated for each calculation made of the recurrences and the number of pat- 
ients with myocardial infarction that have been studied. The present best estimate for the position 
of the similar function for the occurrence of myocardial infarction, de novo, in normals is also 


shown. 


significance here also. The data are presented 
in table 3. 

It is seen that the levels are much higher in 
those not surviving the episode of myocardial 
infarction than in those who do survive. A 
significance test splitting the survivors and 
nonsurvivors at 80 mg. per 100 cc. gives a 
probability of 1 in 10,000 that the observed 
difference is not significant. Since the two 
groups were comparable in age, sex, and pre- 


that in infarction survivors there is a lability 
of lipid metabolism incidental to the acute 
insult, which in itself may have increased the 
chance of survival. From studies reported 
elsewhere,® it seems possible that this lipopro- 
tein alteration may be related to increased 
release of heparin or a heparin-like substance. 
The higher levels observed in the nonsurvivors 
suggest the possibility that the more e>ten- 
sive atherosclerogenesis and/or accumu) ted 
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atheroma most likely present in this group has 
wifavorably influenced the prognosis. 

The data on recurrences of myocardial in- 
faretion and the prognosis during the acute 
phas’ of an infarct indicate that the over-all 
outlook for the patient above 80 mg. per 100 
ec. 8, 12-20 lipoproteins is quite poor when he 
develops coronary disease. It is therefore of real 
importance to evaluate the possibility of giv- 
ing such patients some protection against 
their intense atherosclerotic activity, which we 
have considered possible by means of reducing 
the S; 12-20 lipoprotein level via a reduction 
of the burden of dietary fat. 

Our previous and continuing studies of con- 
trolled experimental groups have shown that 
it is possible in most humans to reduce the 
S; 12-20 and the S; 20-100 classes of lipopro- 
teins by restricting the total dietary fat and 
cholesterol intake.?»* We are fully cognizant 
of the evidence that fat and cholesterol are 
synthesized in the body, but this is in no way 
inconsistent with the observed fact that a 
partial reduction in S¢ 12-20 and S; 20-100 
lipoprotein levels is achieved by a reduction of 
total fat intake. The first analysis of a dietary 
follow-up among patients with coronary artery 
disease can now be made. Of especial perti- 
nence is a comparison of those patients with 
high S_ 12-20 lipoprotein levels who have ex- 
perienced recurrent infarction during the 
period of follow-up with a group of patients of 
comparable levels who have not shown recur- 
rence during the one year of follow-up. The 
only therapeutic measure directed toward 
reduction of lipoprotein levels was the advice 
and directions for a low fat—low cholesterol diet. 
A diet of less than 50 Gm. of fat and 200 mg. 
of cholesterol per day was advised, but it is 
evident that one cannot assess how rigorously 
a’ given patient adhered to this regimen. 
Therefore, the objective criterion of serial 
lipoprotein determination was used solely 
as the measure of dietary response. 

Fiity-six cases of myocardial infarction 
wit! very high levels (above 80 mg. per 100 
ce. S¢ 12-20) followed with serial lipoprotein 
detc-minations for one year are considered. 
Out of this group there were 16 recurrent 
myo-ardial infarctions during the one year 


follow-up. Since the patient’s statement as to 
adherence to a low fat diet is untrustworthy, 
we have eliminated such information from the 
analysis. A segregation of this group is pre- 
sented only on the basis of the reduction or 
nonreduction of the lipoprotein level for the 
period of follow-up. In this sample it appears 
there is a differential favoring nonrecurrence 
of myocardial infarction at any relatively 


TABLE 3.—S; 12-20 Lipoprotein Level in 49 Patients 
during First Week after Acute 
Myocardial Infarction 


Cases Studied during 
Acute Phase 
Level of S¢ 12-20 Lipoproteins 


Died of 


Survived Rideact 


Above 95 mg. per 100 cce....... 6 
Above 80 mg. per 100 ce....... 13 
Above 60 mg. per 100 ce....... 

Below 60 mg. per 100 cc 6 
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TABLE 4.—Relation of Recurring Myocardial Infare- 
tion and S; 12-20 Lipoproteins Sustained 
at or Reduced from High Levels 


Recur- | Nonrecur- 
rence rence Totals 
Group Group 
Cases starting and main- 
taining average level 
above 80 mg. per 100 ce. 
S_ 12-20 
Cases starting above 80 
mg. per 100 cc. but re- 
ducing and maintaining 
level below 70.......... 


Totals 


reduced level of S; 12-20 lipoproteins achieved 
by diet, but for the purpose of demonstrating 
a significant effect we have divided the group 
on the basis of whether the level has been 
reduced and maintained below 70 mg. per 
100 ee. or whether the level has remained above 
80 mg. per 100 cc. The following fourfold table 
(table 4) sharply defines the observed result. 

Application of a test of significance has 
shown a probability of one chance in 100 that 
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this segregation is not significant. Therefore 
the observation that the recurrences have been 
in the group that maintained a high level is 
highly significant, and we can conclude that 
dietary reduction of S_ 12-20 level has given 
significant protection against recurrence of 
myocardial infarction during this year period 
of observation. In table 5 are the initial S;_ 12- 
20 level and the average level for the period of 
follow-up for each of the groups of table 4. 
The various groups turn out to be closely 
matched for initial S_ 12-20 levels. The only 
exception is the nonrecurrence group which 
started above 80 mg. per 100 cc. and reduced to 
an average level below 70 mg. per 100 cc. 


TaBLe 5.—Initial S; 12-20 Level and Average Level 
during Period of Follow-up for Two 
Groups Shown in Table 4 


~ Nonrecurrence 
| Recurrence Group curre 


Group 
es 
% 
lInitiat | A¥¢™-|Re. Initial AV¢ 
| Level | ;28©, duc- Level ,28° 
Level ti L 
ion 


1 Aver- 


= 
Cases starting and| 

maintaining average) 

level above 80 mg.| 

per 100 ce... ........| 112 | 105 | 6 | 116 99 
Cases starting above 

80 mg. per 100 cc.| 

but reducing and 

maintaining level be- 

low 70 45 


Here the slightly lower initial level, (by 8 mg. 
per 100 cc.) is the result of the lack of a single 
matched case at 200 mg. per 100 ce. in this 
group, compared with the other two groups. 
In the light of our recent findings that the S; 
20-100 class of lipoproteins are also highly 
associated with atherosclerosis, and that they 
are more easily influenced by the restriction of 
fat, it is likely that reduction in S; 20-100 may 
also have afforded part of the protection 
observed. 


Discussion AND SUMMARY 


1. A variety of serum lipid disturbances 
experimentally induced in the rabbit, some of 
which are associated with the development of 
atherosclerosis, have been analyzed. The S; 


10-30 class of lipoproteins, which develops in 
the rabbit in certain of these experimental 
procedures, is highly associated with and uni- 
versally concurrent with the developme:it of 
atherosclerosis, independent of the tyye of 
metabolic disturbance experimentally ind iced, 
The normally occurring lipoproteins (~; 10 
and less), even when elevated experimen ‘ally, 
show no significant positive association with 
atherosclerosis. Certain other cholesterol bear- 
ing lipoproteins (S_¢ 100 and higher) are « ither 
not associated with atherosclerosis o: are 
inversely associated with atherosclerosis. 

2. In the rabbit, total serum cholesterol 
levels, considering as a group all the types of 
induced lipid metabolic disturbances, are cither 
unrelated to atherosclerosis, or may |e in- 
versely associated with atherosclerosis. Only 
under the special condition where the major 
fraction of the cholesterol is in the S; 10-30 
class of lipoproteins does total serum cholesterol 
correlate well, positively, with atherosclerosis. 

3. An estimate of the quantitative associa- 
tion of the S_ 12-20, S¢ 20-35, S; 35-100 lipo- 
protein classes and of total serum cholesterol 
with atherosclerogenesis in the human has 
been made, studying each on the same serum 
sample from a given individual. Patients with 
coronary artery disease have served as a cri- 
terion group for the atherosclerotics. Through- 
out the entire age range evaluated, from 41 to 
60 years, the S_¢ 12-20 lipoprotein levels show 
at least a twofold, and up to a possibly tenfold, 
higher relationship with atherosclerosis than 
does the total serum cholesterol. The S; 20-100 
lipoproteins (containing the S; 20-35 class plus 
the S; 35-100 class) also show a correspondingly 
higher relationship with atherosclerosis than 
does the total serum cholesterol. The S; 12-20 
lipoproteins and the S¢ 35-100 lipoproteins are 
partially intercorrelated; but each shows, in 
addition, strong independent associations with 
atherosclerosis. The S;¢ 20-35 lipoproteins show 
a lesser association with atherosclerosis than 
either of the other classes, and, further, much 
of the association that is present depends upon 
partial correlation of the S; 20-35 lipop: otein 
with either S;¢ 12-20 or S; 35-100 or with both. 

The S; 12-20 and S; 35-100 lipopr«teins 
show strong association with atheroscl« rosis, 
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regar‘lless of age or total serum cholesterol 
level. Thus, even for individuals with the same 
total serum cholesterol, be it low, moderate, 
or high, there is strong ability of the S; 12-20 
and *; 35-100 lipoproteins to segregate athero- 
sclerotics from normals. 

Total serum cholesterol shows a much lower 
ability to segregate atherosclerotics from 
normals in the 41 to 50 year age group than the 
8,12 20 and S; 35-100 lipoproteins. In the age 
grou) 51 to 60, while the lipoproteins maintain 
their strong association with atherosclerosis, 
there is only a borderline ability, if any, of the 
serum cholesterol to segregate atherosclerotics 
from normals. 

4. What little association total serum choles- 
terol does have with atherosclerosis is wholly 
due to its partial correlation with the S_ 12-20 
and S- 20-100 lipoproteins, which are strongly 
associated with atherosclerosis. In essence, this 
means that approximately 10 per cent of the 
serum cholesterol is important for atherosclero- 
sis (namely, the fraction in the S_¢ 12-20 and 
Ss; 20-100 lipoproteins), while the remaining 
bulk, approximately 90 per cent, of the 
cholesterol is unassociated with atherosclerosis. 
As a result of the fact that the vast bulk of the 
serum cholesterol is in nonatherogenic lipo- 
proteins, the measurement of total serum 
cholesterol in an over-all way, does more to 
obscure the atherosclerotic potentialities of 
an individual than to clarify them. 

5. Even marked hypercholesteremia is not 
uniformly associated with atherosclerosis. The 
groups manifesting advanced atherosclerosis 
(including patients with coronary disease or 
xanthoma tuberosum) are strikingly segregated 
from equivalently hypercholesteremic indi- 
viduxls without manifest atherosclerosis by the 
S; 12-20 and S; 35-100 lipoprotein measure- 
ments. 

6. The crude estimate of the factors which 
segregate atherosclerotics from normals, based 
upo: biserial correlation, indicates that the 
com ined S- 12-20 and S; 35-100 lipoproteins 
account for at least 35 per cent of the total 
etiol gic factors. When the impurity of the 
normal population (i.e., admixture with athero- 
selerotics), the fallibility of diagnosis in the 
criterion group with coronary disease, the focal 


factors in atheroma formation, the difference be- 
tween accumulated atherosclerosis and athero- 
sclerotic activity, and the biologic and tech- 
nical variation of measurement are all taken 
into consideration, the combined S; 12-20 and 
S+ 35-100 lipoproteins will account for at 
least 75 to 80 per cent of the total variation 
between atherosclerotics and normals, and 
may very well account for the entire difference. 

7. Follow-up studies have shown that early 
recurrence of myocardial infarction in patients 
with coronary disease is positively and highly 
related to the S¢ 12-20 lipoprotein levels. The 
recurrence rate of myocardial infarction is 
approximately 20 per cent per year for those 
patients with S; 12-20 levels of 100 mg. per 
100 cc., whereas the recurrence rate is approxi- 
mately 6 per cent for those patients with S; 
12-20 levels of 50 mg. per 100 cc. It may be 
that when the combined 8; 12-20 and S; 35- 
100 levels are evaluated, the relationship of re- 
currence with lipoprotein level may become 
stronger. 

8. The occurrence of myocardial infarction, 
de novo, in normals is positively related to 
elevation in S;¢ 12-20 lipoprotein levels. 

9. The depression of high S; 12-20 levels by 
dietary restriction of fat and cholesterol has 
been shown to decrease significantly the chance 
of recurrence of myocardial infarction in pa- 
tients with established coronary artery disease. 
At this time a significant statement on the 
point of dietary protection can be made on a 
follow-up of high-level patients with coronary 
disease (above 80 mg. per cent S¢ 12-20) only 
because their recurrence rate has provided sig- 
nificant data in a short period. 

10. The demonstration that the S; 35-100 
lipoproteins, in addition to the S; 12-20 lipopro- 
teins, are associated with atherosclerosis is 
of especial significance with respect to the 
ingestion of fat. This class of lipoproteins, the 
S; 35-100 class, may be raised acutely in a 
high proportion of humans following ingestion 
of fat. In patients with a severe degree of the 
lipid metabolic derangement which leads to 
“abnormal” lipoprotein patterns, this S;35-100 
class of molecules is sustained even postab- 
sorptively. It appears, since we have already 
demonstrated that a dietary lowering of the 
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S_ 12-20 lipoproteins has an ameliorative effect 
on coronary disease (based upon atherosclero- 
sis), that dietary fat restriction is equally 
important, by way of depressing the S; 35-100 
level, in the effort to control atherosclerosis. 
11. The rating of a patient with respect to 
atherosclerogenic potentialities is best achieved 
by a measure of the levels of S; 12-20 lipopro- 
tein and S; 35-100 lipoproteins. Of the two 
measures, the S; 12-20 level is the more stable, 
not being acutely influenced by diet. The S_ 35— 
100 level, even though more variable acutely 
with diet, is nevertheless highly associated with 
atherosclerosis and provides valuable addi- 
tional assessment with regard to atherosclero- 
genesis. Thus we may regard the S; 12-100 lipo- 
proteins as the ‘‘atherosclerogenic band” of the 


serum lipoproteins. The exact assessment of 
relative atherogenicity of each subsegment 
within this region is not now possible, so that, 


for the present, classification is made without 
weighting within this region. 
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BACTERIAL ENDOCARDITIS 


Wallace, C. S.: Bacterial Endocarditis with Empha- 
sis on the Escherichia-Aerobacter Group as a 
Causative Agent: Report of a Fatal Case. Ann. 
Int. Med. 34: 1463 (June), 1951. 

Following removal of an abscessed kidney result- 
ing from infection with Aerobacter aerogenes, a 22 
year old female continued to manifest evidences of 
sepsis. A blood culture during this period demon- 
strated the presence of the same organism. Sensitiza- 
tion studies indicated that the organism was highly 
resistant to penicillin, streptomycin and bacitracin 
but sensitive to polymixin. The patient died from 
acute myocardial failure, 48 hours after therapy 
with an impure preparation of polymixin was begun. 
At autopsy, there were engrafted on a normal 
mitral valve, several vegetations from which Aero- 
hacter aerogenes could be cultured. In addition, the 
spleen was infarcted, and a severe acute toxic myo- 
carditis was present. It is believed that cure would 
have resulted from polymixin therapy if myocardial 
failure had not supervened. 

WENDKOS 


Nesvadba, P.: Experiences in the Treatment of 
Subacute Enterococcus Endocarditis. Cardiologia 
18: 121, 1951. 

Te author reports two cases of subacute bacterial 
end -arditis due to enterococcus infection super- 
imp: sed on rheumatic heart disease. Both cases had 
beer treated previously with high doses of penicillin, 
whic) not only proved ineffective but apparently 
prodiiced increased resistance to the antibiotic, as 


}evid-uced by sensitivity tests. In both instances 
com! ned treatment with penicillin (120 and 551 
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million units respectively) and streptomycin (28 
Gm. and 114 Gm. respectively) led to a complete 
remission, observed in the first case over a period of 
20 months and in the second for over four months. 
The most peculiar circumstance in the two observa- 
tions was the favorable response to treatment in 
vivo, while complete resistance of the micro-organ- 
ism to both antibiotics was found in vitro. 
Pick 
CONGENITAL ANOMALIES 

Potts, W. J., and Riker, W. L.: Surgical Treatment 

of Pulmonary Stenosis with Intact Interventricular 

Septum. Arch. Surg. 62: 776 (June), 1951. 

Pure pulmonary stenosis is defined as pulmonary 
valvular stenosis with an intact interventricular 
septum. The stenosis is not in the infundibular 
region and there is no over-riding of the aorta as seen 
in the tetralogy of Fallot. The degree of fusion of the 
pulmonary cusps determines the severity of the 
symptoms. Often a patent foramen ovale is associ- 
ated with this defect; its size determines the degree 
of cyanosis. Poststenotic dilatation of the pulmonary 
artery is always present. 

A shunt operation, such as is employed in cases of 
tetralogy of Fallot, is apt to lead to excessive strain 
on the right heart. Instead, the suggested surgical 
approach is a direct one on the valve itself. The 
authors use a right transventricular approach as 
described by Sellors and Brock. They have devised 
an expanding valvulotome and an expanding dilator 
for incision and dilatation of the stenosed pulmonary 
valve from inside. Their surgical technic is described 
in detail. 

They have operated on 13 patients ranging in age 
from 23 days to 17 years. One death occurred on the 
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operating table due to cardiac arrest. Otherwise, 
there were no serious complications. The results from 
surgery are reported as excellent in 11 patients and 
fair in one. 

Prior to surgery, all cases had slight to tremendous 
right ventricular enlargement and a systolic pul- 
monic murmur. Cyanosis was present in 12, and en- 
largement of the liver was noted in 10 subjects. 
Cardiac catheterization revealed high right ventricu- 
lar and a low pulmonary pressure. Angiocardi- 
ography was not routinely used. 

FROBESE 


Adams, H. D.: Congenital Arteriovenous and Cir- 
soid Aneurysms. Surg., Gynec. & Obst. 92: 693 
(June), 1951. 

There are two distinct types of arteriovenous 
aneurysms: the acquired or traumatic, and the 
congenital. The more localized congenital lesions are 
termed “congenital arteriovenous aneurysms” and 
the more diffuse hemangioma-like lesions are called 
“cirsoid aneurysms.” The findings in 22 such cases 
are presented. 

The congenital lesions most often have many 
arteriovenous communications of small caliber. They 
may be present for years without symptoms, and 
then they may progressively enlarge and show all of 
the classic findings. Locally, a palpable tumor, possi- 
bly with visible venous pulsation, is noted. A palpa- 
ble thrill and an audible bruit continuous through- 
out the cardiac cycle are diagnostic. Other findings 
are elevated venous pressure, elevated oxygen satura- 
tion of venous blood, and eventually cardiac en- 
largement and cardiac decompensation. Angiography 
may aid in diagnosis. 

The treatment of choice is surgica] removal of the 
lesion. When the involvement is sc extensive as to 
affect an entire limb with multiple communications, 
little short of amputation can be done. In localized 
lesions, a single stage excision is accomplished. In 
deeper, larger lesions, a two-stage operation is used. 
The first stage consists of proximal ligation of the 
major arterial trunk to the area. At the second stage, 
the lesion is resected. These anomalies may also 
occur in the viscera, such as stomach, duodenum, 
pancreas, spleen, lung and kidney. Resection of the 
organ involved is indicated. In the surgical attack on 
aneurysms, the major blood supply should be under 
control at all times and this should be in an area 
away from the aneurysm. 

FROBESE 


Thurnher, B., and Weissel, W.: Ascending Aorta 
Forming the Left Heart Border in Morbus 
Caeruleus. Cardiologia 18: 45, 1951. 

The authors present radiologic data of four cases 
of cyanotic congenital heart disease in which an un- 
usual anomaly, levoposition of the ascending aorta, 
could be demonstrated by angiocardiography. Sug- 


gestive roentgenologic signs in an ordinary postero. 
anterior view are: a heart shadow of norma] size: 
prominence of the shadow of the superior vena cayg 
or innominate vein on the right side; an abnormal 
bulging at the usual level of the auricular apper dage 
on the left side; absence of the aortic knob, \ut g 
normal aortic impression of the barium-filled es )pha- 
gus. The clinical, radiologic and angiocardiog: iphic 
findings of the four cases are discussed in detail, and 
an analysis of various positional anomalies «f the 
aortic arch is presented. From the embry logic 
standpoint, levoposition of the ascending aorta ‘epre. 
sents one of the instances of abnormal rotation of the 
truncus arteriosus, namely, incomplete rotation in 
inverse direction. 


Pick 
CONGESTIVE HEART FAILURI 
Moody, R. W.: Maintenance Dose and Toxicity of 
Digitoxin. Ann. Int. Med. 34: 1349 (June), 951. 
The maintenance dose of digitoxin is between 
0.05 mg. and 0.2 mg. per day. Only rarely is \ess or 
more required. Patients frequently become toxic on 
a dosage of 0.2 mg. daily. Digitoxin possesses the 
advantage of standardization by weight and of 
nearly complete absorption of an oral dose. Digi- 
toxin possesses the disadvantage of very slow dissi- 
pation. Toxic effects may persist as long as a week 
after discontinuance. Age, sex and weight have very 
little, if any, effect on the maintenance dose of 
digitoxin. Patients weighing over 180 pounds may 
require slightly larger dosage than those weighing 
less. It appears probable that, with digitoxin, toxic 
signs frequently appear before symptoms. 
WENDKOs 


CORONARY ARTERY DISEASE, 
MYOCARDIAL INFARCTION 


Basset, A.: Shock in Myocardial Infarction. Arch 

mal. du coeur 44: 426 (May), 1951. 

The author produced an experimental infarct on 
the anterior surface of an exposed and denervated 
turtle heart. This led to complete auricular and 
ventricular standstill, which was verified by elec 
trocardiograms. Following resection of the infarcted 
ventricle auricular activity reappeared. This would 
suggest some toxic depressing action effected by the 
infarcted muscle upon the rest of the myocardium. 
This hypothesis was further supported by a secon 
experiment in which an excised turtle heart stoppel 
beating when placed in a fluid containing extracts o/ 
cauterized skeletal muscle, and resumed its contrat- 
tions following perfusion with Ringer’s solution. 

According to the author, the experimental data 
presented can be applied to human_patiiology. 
Cardiovascular collapse, frequently observed follov- 
ing myocardial infarction, can be explained by the 
action upon the heart of toxic products originating 
in its infarcted part. Thus, myocardial in‘arction 
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woul represent a condition leading to traumatic 
shock which may or may not be reversible. 
Pick 


Mac))onald, G. E., and Bentley, W. B. A.: Acute 
M: ocardial Infarction. A Ten-Year Study. New 
Enzland J. Med. 244: 743 (May 17), 1951. 

The study is based upon the findings in a series of 
100 vases of acute myocardial infarction in which 
post: iortem examinations were performed. Patients’ 
ages -anged from 40 to 87 years, the majority in the 
§0 to 64 year age group. The clinical diagnosis was 
made correctly without the aid of the electrocardio- 
gram in 69 per cent of the cases. In only 11 per cent 
of the eases did the electrocardiograms fail to show 
changes suggestive or characteristic of myocardial 
infarction. The distribution of areas of infarction was 
as follows: anterior, 68 per cent; lateral, 23 per cent; 
posterior, 30 per cent; anterior portion of the in- 
terventricular septum, 22 per cent; posterior por- 
tion of the septum, 6 per cent; posterior aspects of 
the right ventricle, 1 per cent. Ventricular rupture 
had occurred in eight cases. In 39 patients there 
were 45 coronary arteries occluded by recent 
thrombi. When the degree of coronary arteriosclero- 
sis was estimated for all patients, the vessels were 
considered normal in 2 per cent. A comparison of the 
clinical and pathologic estimates of the age of the 
infarets, made in the 76 cases in which the data per- 
mitted such a study, showed a reasonable correla- 
tion in 92 per cent. The majority of “silent” infarcts 
occurred: postoperatively or in patients with cerebral 
thrombosis, cerebral arteriosclerosis, carcinomatosis 
or similar conditions which may have masked the 
symptoms produced by the infarct. 

ROSENBAUM 


Morrison, L. M.: The Increased Incidence of Cor- 
onary Thrombosis in Chronic Peptic Ulcer. Rev. 
Gastroenterol. 18: 313 (May), 1951. 

It can be definitely stated that an increase in 
coronary atherosclerosis and coronary thrombosis 
with myocardial infaretion occurs in chronic peptic 
ulcer. It is suggested that the mechanisms of this 
increased incidence may be (a) excessive, prolonged 
stimulation of the gastrie vagal nerve supply with 
reflex effects on the coronary arteries; and (b) 
possibly the excessive, prolonged daily dietary in- 
take of fat and cholesterol, extending over a period 
of years. Indirect evidence indicates that such a 
prolonged increase in daily dietary fat and choles- 
terol intake predisposes to the development of cor- 
onar. atherosclerosis in susceptible individuals. An 
evaliiation of the effects of prolonged Sippy diets 
and/or the use of dietary protein supplements in- 
stea’ of whole milk and cream feedings in peptic 
ulcer is merited. 

BERNSTEIN 


Goldsiein, R., and Wolff, L.: Hemorrhagic Peri- 


carditis in Acute Myocardial Infarction Treated 

with Bishydroxycoumarin. J. A. M. A. 146: 616 

(June 16), 1951. 

Hemopericardium has been observed during the 
course of bishydroxycoumarin therapy for acute 
myocardial infarction. Two cases of proved and one 
of suspected hemopericardium are discussed. The 
authors state that since the preparation of the manu- 
script two more instances have been found in post- 
mortem examinations. Diagnosis should be sus- 
pected in the presence of prolonged and persistent 
or recurrent friction rub, recurrence of cardiac pain, 
vascular collapse accompanied with distended neck 
veins, and demonstration of pericardial effusion. 
Hemorrhage into the pericardium in such cases is an 
emergency. Every physician using the drug should 
be aware of the possibility. The treatment should 
include withdrawal of bishydroxycoumarin, the in- 
travenous injection of vitamin K (preferably vita- 
min K, oxide), and repeated transfusion of blood 
or plasma until the prothrombin time reaches nor- 
mal levels. If cardiac tamponade develops, a peri- 
‘ardial tap should be done. 

KITCHELL 


Garn, S. M., Gertler, M. M., Levine, S. A., and 
White, P. D.: Body Weight versus Weight Stand- 
ards in Coronary Artery Disease and a Healthy 
Group. Ann. Int. Med. 34: 1416 (June), 1951. 
This report presents data on the body weight in 

men who have experienced myocardial infarction 

prior to the age of 40, in comparison with the body 
weight of a comparable group of healthy males; 
both are given in comparison with a set of standard 
weights corrected for age and height. While the 
healthy, active males showed age-group deviations 
from +4 to +22 pounds above the norms, the men 
who had experienced myocardial infarction showed 
age group deviations of from —.8 to +28 pounds. 

Both groups were statistically “overweight” as com- 

pared to the standards. However, when the two 

groups were compared to each other in terms of the 
deviations from the norms, no real difference was 
seen. The age-group deviations showed the same 
pattern in both groups; the deviations from the 
normal standards were greatest at the younger age 
levels. 

WENDKOS 


Gertler, M. M., Garn, S. M., and Levine, S. A.: 
Serum Uric Acid in Relation to Age and Physique 
in Health and in Coronary Heart Disease. Ann. 
Int. Med. 34: 1421 (June), 1951. 

Serum uric acid determinations were made on 
three groups of individuals. These groups were (a) 
146 healthy working men, (b) 92 men who had ex- 
perienced myocardial infarction prior to the age of 
40, and (c) 97 healthy men who were “‘matched”’ 
to the men of the coronary disease group. The levels 
of the serum uric acid were 4.64 +.76, 4.85 +.74 
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and 5.13 +1.10 for the control group, matched con- 
trol group, and the coronary disease group, respec- 
tively. Twenty-four per cent in the coronary disease 
group and 6 per cent in both the control group and 
the matched control group possess levels of serum 
uric acid of 6 mg. per cent or over. There is no age 
rise in serum uric acid from the third to the fifth 
decades in either the coronary disease group or the 
control group. A physique difference of serum uric 
acid levels is apparent. The dominant endomorphs in 
both the control group and coronary disease group 
exceed all other physiques in the content of uric 
acid in the serum; the dominant ectomorphs have 
the smallest amount of uric acid in the serum. In 
coronary artery disease, the uric acid physique 
difference is accentuated. The rise in serum uric 
acid in the presence of coronary heart disease is 
15.19 per cent in the endomorphs, 8.49 per cent in 
the mesomorphs, and 3.22 per cent in the 
ectomorphs. There is no relationship between the 
ingested purines and the level of serum uric acid. 
The ratio, uric acid times cholesterol-phospholipids, 
is considered to be of more value in assessing the 
biochemical background of the coronary disease 
state than is either of the constituents considered 
separately. 
WENDKOS 


Swan, D. M., and McGowan, J. M.: Shoulder-Hand 
Syndrome following Myocardial Infarction. J. A. 
M. A. 146: 774 (June 30), 1951. 

Reflex dystrophy of the upper extremity (the 
shoulder-hand syndrome) occurs in approximately 
10 to 20 per cent of cases of myocardial infarction 
with varying degrees of disability. In the past var- 
ious treatments have been recommended for this 
condition with indifferent results. The authors re- 
port three cases treated by stellate block with pro- 
eaine hydrochloride by means of the anterior ap- 
proach. This fairly simple method has been con- 
sistently successful in the authors’ cases. 

KIrcHELL 


Mussaffia, A.: The Relationship between Angina 
Pectoris and Myocardial Ischemia Due to Cor- 
onary Insufficiency. Cardiologia 18: 65, 1951. 
The author describes nine cases with typical 

anginal pain on exertion whose electrocardiograms 

remained normal at rest as well as following exercise 
during a long period of observation. After several 
years, while theclinical syndrome (intensity and dura- 
tion of pain attacks) remained unchanged, the elec- 
trocardiogram became abnormal in four cases re- 
vealing on exercise transitory signs of ischemia. 

The five other cases, after a longer or shorter period, 

developed typical clinical and electrocardiographic 

signs of myocardial infarction. 

The author discusses the pathogenesis of angina 
pectoris. The cases presented and other observations 
in the literature suggest that myocardial ischemia 


by itself is neither necessary nor sufficient to pro- 
duce anginal pain. In some cases coronary sclet osis, 
by “irritating” sensory fibers in the vessels, may 
evoke typical pain without electrocardiographic signs 
of coronary insufficiency, which develop only at a 
later stage, with progression of the vascular les'on, 
Pick 
EKLECTROCARDIOGRAPHY 
Donzelot, E., Metianu, C., Durand, M., Cherchi, A, 
and Vlad, P.: The Electrocardiogram in Tetr:logy 
of Fallot (a Study of 100 Cases). Arch. ma’. dy 

coeur 44: 97 (Feb.), 1951. 

A study of electrocardiograms obtained on 100 
cases of Fallot’s tetralogy, all submitted to survery 
and 10 with autopsy, revealed the following cata: 
the P wave was tall in 80 per cent, of variable con- 
tour and never widened. In the limb leads, QRS in- 
variably showed marked right axis shift, and the 
angle between the axis of QRS and the axis o! the 
T wave was always more than 60 degrees. In the 
precordial leads, the usual type was Rs or R in VY, 
(83 per cent) and rS, QS or qrS in Ve» (68 per cent). 
The R-S ratio in V; was >1 in 90 per cent of the 
cases and, in Vg < 1 in 69 per cent. In 84 per cent 
the intrinsicoid deflection in V; occurred 0.03 second 
after the onset of QRS, or later. Vertical electrical 
position was rare (3 per cent) and horizontal posi- 
tion frequent (68 per cent). From this study the au- 
thors consider the most reliable electrocardiographic 


signs of right ventricular hypertrophy to, be: onset 
of the intrinsicoid deflection in V,, simultaneously 
with or later than the same deflection in V¢; a right 
axis shift of more than 100 degrees; an R-S ratio 
in V, of 1 or greater than 1. 


Pick 


Mikulicich, G.: Electrocardiographic Changes in 
Experimental Anaphylactic Reactions. J. Allergy 
22: 249 (May), 1951. 

In rabbits, a shock dose of antigen given two weeks 
after a sensitizing dose, produced marked electro- 
cardiographic changes even when the animals did 
not show a general reaction. The changes started 
from one-half to three minutes after the termination 
of the injection and consisted first of bradycardia, 
then of tachycardia interrupted by extrasystoles. 
S-T, was depressed with elevation of S-T;. QRs; be- 
‘ame higher in voltage and wider. QRS; showed 
a marked deepening of the S waves, giving « left 
axis deviation. T; was inverted and T3 upright. 
Ventricular extrasystoles, auricular fibrillation and 
bundle branch block were also noted. All these 
changes lasted about 15 minutes. If the rabbit died, 
the usual changes of the “dying heart” were noted. 
Rabbits sensitized by passive transfer and then in- 
jected with the horse serum antigen showed similar 
electrocardiographie changes. Two rabbits showed 
electrocardiographie changes with the sensi’ izing 
dose alone. 
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Th: author believes that the changes noted are a 
partis! expression of smooth muscle spasm of coro- 
nary vessels, anoxemia of heart muscle due to con- 
tract'on of lung arterioles, and permeability changes 
of th: tissues. 

BERNSTEIN 


Van ooren, F., Boyadjian, N., Bastenier, N., Collin, 
J., and Bierlaire, J.: The Diagnostic Value of the 
Angle a of the Electrical Axis. Arch. d. mal. du 
coour 44: 407 (May), 1951. 

The authors determined the angle of the axis 
of the P, QRS and T deflections in 2965 electro- 
ecardiograms of normal persons and patients with 
yarious types of heart disease. Both in normal and 
abnormal eases they found a great variability of the 
angle; the average normal values were +55 degrees 
for the P axis, +39.3 degrees for QRS axis and +33.6 
degrees for the T axis. A deviation of all three axes 
to the left was found in obese and hypertensive in- 
dividuals, and to the right in pulmonary disease 
patients. In mitral stenosis, the QRS axis points to 
the right and the axes of P and T are markedly de- 
viated to the left. A less constant and more complex 
abnormal relationship of the three axes is found in 
coronary disease and in intraventricular conduction 
defects. The authors concluded that the determina- 
tion of the angle a does not add valuable informa- 
tion to that obtained from the classic three lead 
electrocardiogram. 

Pick 


Stevenson, I., Duncan, C. H., and Ripley, H. S.: 
Variations in the Electrocardiogram Changes in 
Emotional State. Geriatrics 6: 164 (May-June), 
1951. 

The authors studied a group of 35 patients, 18 
men and 17 women, approximately half of whom 
were over 45 years of age. The majority had com- 
plaints referable to the cardiovascular system, some 
originating in structural heart disease, others in 
purely functional disturbances. The principal emo- 
tional state observed was anxiety. Changes in the 
electrocardiographic pattern were found most com- 
monly in the T waves, and somewhat less frequently 
in the P waves and S-T segments. Slight changes 
in the electrical axis of the heart were occasionally 
seen, :nd in one ease there was a considerable change 
in th: electrical axis related to shift in the position of 
the (diaphragm. No abnormalities of the duration of 
the « mplexes or the intervals between them were 
obse: ved. 

Th. effect of maximal inspiration on the T waves 
was ‘udied in a number of cases. Of 15 patients 
thus ‘udied, in eight a maximal inspiration did not 
inan way reproduce the changes observed during 
emot: nal disturbance. In the remaining seven the 
T wa es changed in the direction of the changes 
durin. the emotional disturbance. Changes in 
thyth.., extrasystoles, paroxysmal auricular tachy- 


cardia and paroxysmal auricular fibrillation were 
observed in relation to emotional disturbances. Pa- 
tients with structural heart disease were found some- 
what more susceptible to the occurrence of disturb- 
ances of rhythm than those with structurally normal 
hearts. In general there was a close relationship be- 
tween the occurrence of emotional disturbances 
(judged by the observations of the physician and the 
statements of the patient) and the occurrence of 
electrocardiographic changes, particularly of heart 
rate. In five of the 19 patients whose response to 
exercise was tested, the rate after exercise did not 
reach that coincident to anxiety during the inter- 
view. In 14 patients the rate immediately after ex- 
ercise was comparable to that attained during the 
periods of emotional disturbance. 

The authors suggest that sympathetic stimula- 
tion rather than cardiac anoxia is responsible for the 
changes in the T waves observed during emotional 
disturbances. It was apparent that during the dis- 
cussion of such life situations and to a greater ex- 
tent during the situations themselves, the patients 
reacted with a symbolic, but exaggerated and dis- 
proportionate mobilization of their circulation. 

BERNSTEIN 


Myre, S. L., and Fuller, B. F.: Left Bundle Branch 
Block with Spontaneous Remission after at Least 
Three Years. Ann. Int. Med. 34: 1497 (June), 
1951. 

A routine electrocardiogram, made in the course 
of a complete study of a 50 vear old male with a 
toxic labyrinthitis, demonstrated the presence of a 
left bundle branch block. The remainder of the ex- 
amination, including chest roentgenogram and the 
usual routine laboratory procedures, was entirely 
negative. There were no symptoms to suggest the 
presence of a coronary or myocardial deficit. During 
the ensuing two years, he returned for follow up 
electrocardiographic study at six month intervals 
and at such times the findings were unchanged. 
Six years later, when he was 56, he returned for 
another follow-up examination and at this time the 
electrocardiogram was entirely normal and all other 
findings were negative. Regardless of the electro- 
cardiographic findings, he has always remained free 
of any cardiac symptoms and there has not de- 
veloped any indication of a cardiovascular handi- 
cap. The cause for the spontaneous disappearance 
of the bundle branch block is not immediately evi- 
dent. The experience with this case corroborates the 
view that bundle branch block, in the absence of 
other expressions of organic heart disease, must not 
necessarily be construed to be of serious prognostic 
import. 

WENDKOS 


Dreyfuss, F., and Diengott, D.: The Value of the 
Measurement of the Q-T Interval in a Series of 
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Clinical Electrocardiograms. Cardiologia 18: 211, 

1951. 

The Q-T interval was measured in six leads of 
303 electrocardiograms. The upper normal value 
of 0.420 was adopted for a corrected Q-T. In 144 
electrocardiograms, the corrected Q-T interval was 
found to exceed 0.420. Fifty-eight of these were 
without other electrocardiographic abnormalities. 
The highest average (0.431) among cardiac disorders 
was found for the group of electrocardiograms taken 
in hypertensive cardiovascular disease. The average 
values for the group of rheumatic heart disease and 
arteriosclerotic heart disease were lower. Several 
severely ill cases of liver disease, kidney disease and 
Vitamin B complex deficiency states showed pro- 
longed Q-T, intervals. Changes were also noted in 
several infections, metabolic disturbances and in 
coronary insufficiency. The Q-T interval seems to be 
a sensitive indicator of the presence of cardiac im- 
pairment in a number of pathologic states. The in- 
clusion of the determination of the corrected Q-T 
interval into the routine of clinical electrocardiog- 
raphy is suggested. 

BERNSTEIN 


Braun, K., Fryd, C. H., and Liban, E.: Electro- 
cardiographic Changes in Hypopotassemia Com- 
plicated by Pericarditis. Cardiologia 18: 244, 1951. 
A case of hypopotassemia complicated by peri- 

-arditis is reported. Serial electrocardiograms showed 


the changes characteristic of hypopotassemia as 
well as those caused by the pericarditis. It was also 
found that, during the acute stage of the pericarditis, 
the subepicardial injury pattern of the pericarditis 
was predominant over the injury pattern caused by 
the hypopotassemia. 


BERNSTEIN 


ENDOCRINE EFFECTS ON 
CIRCULATION 


Sato, H.: Studies on the Cardiac Rhythm of the 
Dog in Experimental Hyper- and Hypothyroid- 
ism. Tohoku J. Exper. Med. 53: 317 (March 25), 
1951. 

The cardiac rhythms of dogs, during the phases 
of respiration in particular, were studied by ‘“‘cardio- 
tachograph” in experimentally induced hyper- and 
hypothyroidism. In hyperthyroidism, besides tachy- 
cardias, marked decrease and finally complete disap- 
pearance of respiratory arrhythmias were noticed. 
These can be looked upon as characteristics in hy- 
perthyroidism. 

In hypothyroidism, on the contrary, bradycardia 
was accompanied by exaggerated respiratory ar- 
rhythmias. A distinct correlation between respira- 
tory arrhythmia and pulse rate was noticed through- 
out the experimental conditions. These changes in 
respiratory arrhythmia were found to be due mainly 
to changes in the expiratory pulse intervals. The 


inspiratory pulse intervals, on the other hand, were 
modified but little. 
BERNSTEIN 


Remington, J. W.: Circulatory Factors in Adrenal 
Crisis in the Dog. Am. J. Physiol. 165: 306 (May), 
1951. 

Arterial pressure, heart rate, cardiac index and 
resistance were followed simultaneously in adrenale«- 
tomized dogs in (a) terminal adrenal insufficienc ,, 
(b) acute crisis produced by minor amounts of 
trauma or hemorrhage in dogs still apparent iy 
healthy and (ec) acute crisis following a bilate: al 
adrenal removal at a single operation. In all, t'ie 
development of circulatory crisis was initiated by a 
sharp fall in resistance and in blood pressure. Un- 
like the normovolemic intact dog, a rise in cardi.ic 
index did not follow this fall in resistance. The 
available reserve blood volume, as measured by tie 
response to Isuprel, was subnormal before the ‘e- 
sistance decline and fell progressively during the 
crisis. The pressor response to epinephrine was prub- 
ably not normal before crisis, but did not diminish 
obviously until shortly before death. Pressor ‘e- 
sponses to more weakly active pressor agents were 
progressively reduced in early crisis. The pressor 
response to afferent nerve stimulation was lost early, 
although respiratory response was still present. An 
exaggerated, or prominent because unopposed, vagal 
reflex was common. All animals showed a marked 
sensitivity to anesthesia. Heart size was not only 
small but fixed as the filling time was altered. It is 
argued that a reasonable explanation of these find- 
ings may lie in a metabolic failure of the nervous 
system, one characteristic of which is a loss of sym- 
pathetic function. 

OPPENHEIMER 


Axelrod, A. R., and Berman, L.: The Bone Marrow 
in Hyperthyroidism and Hypothroidism. Blood 
6: 4386 (May), 1951. 

The authors review the literature and analyze the 
blood and bone marrow findings in 26 patients with 
hyperthyroidism and nine patients with myxedema. 
In hyperthyroidism anemia is not a frequent finding 
and when present may be of any type. Erythrocyto- 
sis is fairly common. The changes in the peripheral 
blood are not necessarily related to the severity or 
the duration of the hyperthyroidism. The available 
information concerning the bone marrow in hyper- 
thyroidism is summarized. There is an extension of 
the red marrow into the shafts of long bones with 
diminution or absence of fat and with osteoporosis. 
Hypertrophy of the marrow organ may occur with 
or without anemia and with or without increased 
cellularity in the normal sites of hematopoiesis. 
There is a tendency for relative myeloid leukocytic 
hyperplasia with, in some instances, a relative in- 
crease in mature granulocytes. Megakaryocytes are 
of normal or increased frequency, , independent of 












od 


the 
“ith 
ma. 
ling 
yto- 
eral 
y or 
able 
per- 
nh of 
with 
‘Osis. 
with 
ased 
jesis. 
evtic 
e in- 


s are 
ni of 





anemia and not reflected by alteration of the periph- 
eal platelet count. Relative lymphocytosis is the 
most constant significant change in the marrow 
p.ttern in patients with hyperthyroidism. The hema- 
t logic changes seen in some cases suggest a hemo- 
|: tie disturbance. 

In hypothyroidism anemia is a common but not 
constant finding. In uncomplicated cases the typical 
a emia is macrocytic hypochromic and of moderate 
s-verity. The bone marrow in hypothyroidism is 
hypoplastic but there is not always a reciprocal in- 
crease in fat. Hyperemic tissue and acellular ma- 
terial may occupy the bulk of the space in marrows 
which do not have increased fat contents. The hy- 
poplasia affects all of the myeloid systems about 
equally. 

The authors attribute the marrow changes in both 
hypo- and hyperthyroidism to a direct effect of the 
thyroid gland dysfunction, but point out that the 
changes of lymphoid tissue and lymphocytosis in 
the bone marrow of patients with hyperthyroidism 
may be due to secondary effects of adrenal origin. 

BEIZER 


Braid, F.: Hypothyroidism in Childhood. Brit. M. J. 

4716: 1169 (May 26), 1951. 

The author classifies hypothyroidism of child- 
hood into three prognostic groups. The first and 
largest group consists of the congenital hypothyroids, 
in which the signs first appear during infancy. Prog- 
nosis in this group is intimately related to early 
diagnosis, and to early and adequate treatment. 
Growth is normal in this group, and only occasionally 
a cerebral defect is revealed by thyroid medication. 
Treatment requires detailed supervision over years, 
and often produces a worthwhile member of society. 
In group 2, the signs of hypothyroidism appear after 
some acute infectious illness. The outlook here is 
good, and normal physical development may be 
expected. The later the onset of symptoms, the better 
the outlook. The time at which treatment is com- 
menced after the onset is of less importance than 
among group 1. Group 3 consists of constitutional 
degenerates with hypothryoidism. They have slow 
physical and mental development before thyroid 
deficiency is noticed. In these, goiter may develop 
early or during adolescence. Prognosis among these 
is not good. Epilepsy and spastic palsy may com- 
plicate the picture. This group appears to be lessen- 
ing of late. 


TANDOWSKY 
HYPERTENSION 


Drury, D. R., Flasher, J., Gordon, D. B., and 
Dorough, M. E.: Renin Substrate and Renal 
Hypertension Including One-Stage Method for 
“visceration in the Rabbit. Am. J. Physiol. 164: 
30 (March), 1951. 

‘'achyphylaxis to renin in rabbits occurs more 
qui ‘kly after hepatectomy or abdominal evisceration 
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than in normal animals. This refractoriness lasts at 
least four hours once it is established in the hepatec- 
tomized animal, and seems to be permanent. These 
facts support the view that renin substrate is pro- 
duced only by the liver. The authors conclude that 
the renin-angiotonin theory of renal hypertension is 
untenable because renal hypertension persists after 
removal of the liver and destruction of ‘floating’ 
substrate by excess of administered renin. These 
findings apply to both early and late hypertension. 
OPPENHEIMER 


Friedman, S. M., Friedman, C. L., and Nakashima, 
M.: Sustained Hypertension following the Ad- 
ministration of Desoxycorticosterone Acetate. 
J. Exper. Med. 98: 361 (April), 1951. 

A large group of rats received moderate amounts 
of desoxycorticosterone acetate and saline inter- 
mittently for a few weeks. Then these uninephrecto- 
mized animals were observed for an additional 
period of 54 weeks. Approximately one-third of the 
rats so treated developed a sustained, permanent 
hypertension after treatment had been stopped. No 
significant differences were noted in the blood urea 
levels or blood volumes between the hypertensive 
and nonhypertensive animals. Plasma potassium, 
which was significantly depressed during acute treat- 
ment with desoxycorticosterone acetate (DCA), be- 
came normal in both groups after treatment was 
completed. Although the kidneys of the treated 
animals showed some pathologic changes consistent 
with previous DCA activity, no differences were 
noted between the group of animals that remained 
consistently hypertensive and those which were 
normotensive. 

This sustained hypertension was not due to any 
anatomic fault in the kidneys and in one sense is not 
primarily renal in origin. The authors postulate 
that the adrenal cortex normally secretes a pressor 
agent which is eliminated in some way by the 
kidneys. In this view desoxycorticosterone acetate 
is considered only as a representative of the natural 
pressor agent. 


WaAIFE 


Locket, S., Swann, P. G., and Grieve, W. S. M.: 
Methonium Compounds in the Treatment of Hy- 
pertension. Brit. M. J. 4710: 778 (April 14), 
1951. 

This report is based on the use of pentamethonium 
bromide and hexamethonium bromide in 34 patients 
with essential hypertension, with continued observa- 
tion on 38 additional patients during the same 
period. Their ages ranged from 39 to 70. The average 
age of females was 53, and males 59. Two weeks of 
initial observation preceding routine treatment were 
used as a control for the final results. It was found 
that in every case, methonium compounds accom- 
plished no more blood pressure reduction than the 
rest in bed. Oral administration of these compounds 
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in outpatients also failed to lower blood pressure. 
One patient died as the result of this therapy, and 
three probable cases of bromide intoxication re- 
sulted. In an addendum the authors present 12 
additional patients who received methonium com- 
pounds with the same results. 

TANDOWSKY 


Sennett, L. W., Perlstein, M. A., Andelman, M. 
B., Barnett, H. E., and Josephy, H.: Hypertension 
in Poliomyelitis with Respiratory Paralysis. Pedi- 
atries 7: 529 (April), 1951. 

Sustained hypertension complicating an acute 
protracted poliomyelitis of 24 weeks duration in a 
16 year old boy is reported. On admission, the blood 
pressure was 130/82. It was not until five weeks 
later that the blood pressure was elevated and 
ranged from 170/100 to 190/120. The blood pressure 
rose to 260/140 with the onset of convulsions on the 
day of death. At autopsy the spinal cord had numer- 
ous astroglia scars and the medulla oblongata and 
the mesencephalon showed the findings characteristic 
of acute poliomyelitis. The nucleus ambiguus and 
the reticular formation were the areas of the brain 
stem most affected. The kidneys revealed marked 
subacute pyelonephritis with calcific deposits in 
the tubules. There was no evidence of renal disease 
or of hypertension prior to the present illness. With 
the discovery of the hypertension, the urine was 
found to contain both granular and hyaline casts 
with a constant trace of albumin. The concentration 
and dilution tests were normal. The paraamino- 
hippurate clearance showed decreased effective renal 
blood flow, but the glomerular filtration rate was 
normal and the filtration fraction increased. It 
was thought that increased sympathetic outflow 
with diffuse vasospasm of the efferent arterioles 
was responsible for the increased filtration fraction 
and may have been a sustaining mechanism in the 
hypertension. The authors also suggest that the 
lesions in the brain stem and the lateral horns of 
the spinal cord played a contributing role in either 
the etiology or the maintainance of the hypertension. 
However, whether the irritable vasomotor apparatus 
or the renal disease was responsible for the hyper- 
tension is not known. 

MARGOLIES 


Krane, S. M., and Perera, G. A.: Hypertension in 
Age Groups. Ann. Int. Med. 34: 1017 (April), 
1951. 

A group of patients who died at the age of 60, 
with hypertension not known before the age of 55, 
was compared with another group of younger es- 
tablished hypertensives who died from some cause 
other than the usual complications of hypertensive 
vascular disease. The incidence and degree of renal 
arteriosclerosis were considerably greater among the 
younger patients, while among the older patients 
they approximated those observed in elderly sub- 


jects with a normal blood pressure. Although 
mild form of essential hypertension cannot be ex- 
cluded in this group of elderly patients, it is suy- 
gested that many instances of hypertension in later 
life may be due to some basis other than that pro- 
ducing the usual picture of hypertensive vascul.r 
disease. 
WENDKOs 


Stamler, J.. Hwang, W., and Kuramoto, K.: Reral 
Clearances of Sodium and Chloride in Goldblatt 
Hypertensive Dogs. Am. J. Physiol. 165: 328 
(May), 1951. 

This study was undertaken to determine whether 

a disturbance in sodium and chloride excretion cou id 

be demonstrated in Goldblatt hypertensive dogs \\y 

renal clearance methods. No differences were demci- 
strated between normotensive and hypertensive dogs 
under varying sodium chloride load. Both showed in- 
creased renal plasma flow and glomerular filtration 
rate when sodium chloride solution was infused. 
There was no characteristic renal pattern of strong 
electrolyte excretion in hypertension. 
OPPENHEIMER 


Blacket, R. B., and Sellers, A. L.: The Effect of 
Removing the Constriction of the Renal Artery in 
Acute and Chronic Hypertension in the Rabbit. 
Clin. Se. 10: 177 (May), 1951. 

Rabbits were made hypertensive by removing one 
kidney and later constricting the renal artery of the 
remaining kidney. The constriction was .removed 
in one group 2 to 17 days following its application, 
and in a second group 6 to 24 weeks after application. 
In the acute group, blood pressures usually returned 
to preoperative levels within 24 hours. In the chronic 
group, the time required was generally several days, 
though in two cases normotensive levels were reached 
within 24 hours. 

The authors believe that not only the initiation but 
the maintenance of hypertension in the rabbit de- 
pends on renal artery constriction. Initially hyper- 
tension is probably due to the release of renin by the 
ischemic kidney. The decline of chronic hyperten- 
sion when the renal artery is unclamped may be ex- 
plained in one of two ways. First, there may be re- 
tention in the body of a substance normally excreted 
by the kidney, the accumulation of which might 
lead to hypertension. After removal of the clamp, 
this substance may be gradually excreted. Second, 
it has been suggested that a depressor substance, 
possibly secreted by the kidney, may have its rate of 
production lessened by renal ischemia and increased 
by removal of the clamp. 

ENSELBERG 


Dumoulin, J. G.: Tetraethylammonium Bromide in 
Toxemia of Pregnancy. Lancet 260: 1257 (June 9), 
1951. 

These experiments show that the response to ‘n- 
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travenous tetraethylammonium bromide varies and 
i: of little diagnostic use, and that TEAB is of doubt- 
ful therapuetic value. In the severe cases there is a 
tendency toward lack of response to TEAB. The 
reason for the variability of the response to TEAB is 
unknown. Fear may cause an increased secretion of 
a lrenaline, which may nullify the action of TEAB; 
pregnant patients tend to be apprehensive. The 
aitonomic blocking effect of TEAB may be incom- 
pete. TEAB in the dosage used (500 mg. intra- 
yenously) ean be toxic, and in larger doses, lethal. 
Investigators who used TEAB in labor reported 
sirong and sustained uterine contractions, but such 
were not observed in any of the antenatal cases re- 
ported here. It is felt that TEAB is of very limited 
practical value in the study and treatment of preg- 
naney toxemia. 
BERNSTEIN 


Gordon, D. M.: Routine Examination of the Ocular 
Fundi as an Aid in Management of Toxemias of 
Pregnancy. J. A. M. A. 146: 810 (June 30), 1951. 
The author discusses examination of the fundi in 

two groups of pregnant women. First, those where 

pregnancy is complicated by hypertensive phenom- 
ena; second, those cases where previous hyperten- 
sion is in danger of becoming more complicated by 
pregnancy. In the discussion it is pointed out that 
all the eyeground studies in toxemias of pregnancy 
which have been carefully done, indicate that such 
observations serve as a great aid in management of 
these cases. Sometimes the decision to interfere with 
pregnancy must be made on the basis of this type of 
examination. The author feels it is important that 
the examination should be made after the pupils 
have been dilated with either 2.5 per cent Neo- 
synephrine hydrochloride or 3 per cent paredrine 
hydrobromide. It is important to follow out carefully 
all the four major branches of the vessels and one 
should be sure that the light is adequate for good 
viewing. The author feels that in those cases in which 
the fetus is viable and the eyeground signs clearly 
show evidence of toxemia little is to be gained by 
Waiting. Here interference with surgical delivery is 
indicated, as fetal death may occur very suddenly. 
KircHELL 


PATHOLOGIC PHYSIOLOGY 


Shenkin, H. A., Cabieses, F., vanden Noordt, G., 
Sayers, P., and Cooperman, R.: The Hemody- 
namic Effect of Unilateral Carotid Ligation on the 
Cerebral Circulation of Man. J. Neurosurg. 8: 
38 (Jan.), 1951. 

The authors investigated the cerebral circulatory 

1: modynamies of four patients who had intracranial 
terial aneurysms and were treated with unilateral 

ization of common carotid artery. Studies were 
ide of the cerebral blood flow, carbon dioxide 

and oxygen contents of arterial and both jugular 
vein blood, and the mean systemic. arterial blood 


pressure, before and 10 minutes after carotid liga- 
tion. The cerebral oxygen consumption and cerebro- 
vascular resistance were calculated from these find- 
ings. 

In all four cases the cerebrovascular resistance 
increased following carotid ligation. The average 
increase was 47 per cent. Also the mean systemic 
arterial blood pressure increased in all cases; the 
average increase amounted to 20 per cent. There 
were no significant changes in cerebral blood flow 
and cerebral oxygen consumption in three of the 
four cases. However, in the fourth patient, the 
cerebral blood flow and cerebral oxygen consump- 
tion fell to very low levels as the cerebrovascular 
resistance rose abnormally high. This patient be- 
came comatose and hemiplegic in eight minutes. 
The authors concluded that in all cases the resistance 
across the circle of Willis after common carotid 
ligation was considerable and it was particularly 
high in the patient who became hemiplegic. Thus, 
the authors feel that the desired reduction of vascular 
pressure head in treating intracranial aneurysms by 
ligation may give rise to neurologic sequelae if it 
lowers the cerebral blood flow proportionately. 

FROBESE 


Griffin, G. D. J.. Wood, E. H., and Essex, H. E.: 
Variability of Direct Fick Values and Validity 
of Right Atrial Blood Samples in Determining 
Cardiac Output of Anesthetized Dogs. Am. J. Phy- 
siol. 164: 583 (March), 1951. 

The authors suggest that even in dogs deeply 
anesthetized for 1.5 hours or more the cardiac out- 
put is constantly shifting. There was no greater 
variability in mixed venous blood and cardiac out- 
put values determined from successive samples from 
the pulmonary artery and right atrium than from 
successive samples withdrawn from the pulmonary 
artery. It appears that, with care in positioning of 
vatheters, right atrial blood samples from anes- 
thetized dogs may not differ significantly from a 
true mixed venous blood sample and presumably 
could be used with validity in calculating heart 
output by the direct Fick method in these animals. 

OPPENHEIMER 


Malamani, V., Bobba, P., and Baldrighi, C.: The 
Functional Pressure Changes of the Right Atrium 
and Ventricle. Proc. XII Meet. Ital. Soc. Cardiol. 
Folia cardiol. 9: 229 (March), 1951. 

The authors studied the behavior of the intra- 
sardiac pressures under physiologic conditions, such 
as deep breathing, cough, abdominal contractions, 
various decubitus, and after exertion. The study 
was made in 14 normal adults by right heart cathe- 
terization, using a Hamilton manometer. 

It was found that intracardiac pressures vary 
especially in deep inspiration. In this phase, auricu- 
lar pressure dropped to —5 mm. Hg during systole 
and —7 mm. Hg during diastole; ventricular pres- 
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sure dropped to +20 mm. Hg during systole and 
—6 mm. Hg during diastole. Cough caused an in- 
crease of pressures to +60 mm. Hg for the auricle 
and +80 mm. Hg for the ventricle. During the Val- 
salva test, the pressures were positive: auricular 
pressures reached +10 and +14, ventricular pres- 
sure, +70 and +100, during diastole and systole, 
respectively. Intermediate values were found during 
abdominal contraction. 
LuIsADA 


Polzien, P., and Reinold, F.: Esophageal Pulsations 
and their Meaning. Ztschr. f. Kreislaufforsch. 
40: 225 (April), 1951. 

The authors describe a method for sphygmo- 
graphic registration of the volume pulse of the aortic 
arch and of the left ventricle by means of a closed 
rubber tube induced into the esophagus to various 
levels. In a young healthy individual, synchroniza- 
tion of the curve obtained at the level of the aorta 
with the carotid pulse permitted the calculation of 
the pulse velocity (317 cm. per second) between 
the two vessels. The complicated curve, obtained at 
ventricular levels, was analyzed with the help of a 
simultaneously recorded electrocardiogram. By tim- 
ing of the various waves in the ventriculogram, the 
authors arrived at the following values: at a cycle 
length of 0.714 second (corresponding to a rate of 
84 per minute) the time of isometric contraction 
was 0.073 second and the ejection time 0.238 second. 

Pick 


Doyle, J. T., Wilson, J. S., Estes, E. H., and Warren, 
J. V.: The Effect of Intravenous Infusions of 
Physiologic Saline Solution on the Pulmonary 
Arterial and Pulmonary Capillary Pressure in 
Man. J. Clin. Investigation 30: 345 (April), 1951. 
Certain physiologic determinations were made 

before, during, and after the intravenous administra- 

tion of saline solution at a rate of from 77 to 146 

ec. per minute in amounts of 950 to 1000 ce. In all 

of the 12 adult men studied there was a rise in pul- 
monary arterial pressure within one or two minutes 
of the start of the infusion. The mean pulmonary 

arterial pressure rose from 12 mm. Hg to 20 mm. 

Within an hour after the infusion the pulmonary 

arterial pressure returned to or toward normal. A 

similar increase in pulmonary capillary pressure 

was noted following the rapid infusion of saline. 

The total blood volume rose about 14 per cent. The 

pulmonary blood volume showed an average increase 

of 12 per cent, but with a range of from —6 to +45 
per cent of the control value. Five of eight subjects 
showed a decrease in the vital capacity at the end of 
the infusion. In six cases the cardiac output increased 
significantly after the infusion, while in another 
six the cardiac output remained within normal 
limits. The pulse rate and direct arterial pressure 
measurements were essentially unchanged. 

The authors conclude that the changes induced 


by a rapid saline infusion can be explained best on 
the basis of abrupt, but not disproportionate, increase 
in the amount of blood contained in the relatively 
indistensible pulmonary circuit. 

WAIFE 


Griffin, G. D. J., Essex, H. E., and Mann, F. C:: 
Experimental Evidence Concerning Death from 
Small Pulmonary Emboli. Surg., Gynec. & Obs’. 
92: 313 (April), 1951. 

The authors reviewed the literature with rega: | 
to the question of whether or not death could oceir 
as a result of embolism in one or a few small pw - 
monary arteries. Some of the workers were of tl): 
opinion that this was not possible in man except 
those cases in which severe cardiac or pulmona)y 
disease already existed. In the experimental anim: 
it was not demonstrated to the satisfaction of : 
investigators that death of the subject from pu'- 
monary embolism was caused by other than pure! \ 
mechanical factors. 

ABRAMSON 


Reese, H. L., Darrow, R. P., and Cullen, M. L.: 
Calf Muscle Blood Flow, before and after Opera- 
tion and during Various Normal and Pathologic 
States. Surg., Gynec. & Obst. 92: 751 (June), 
1951. 

The authors studied the calf muscle circulation of 
man by determining the rate of disappearance of 
radioactive sodium injected into the gastrocnemius 
muscle. A mean rate was obtained by studying 44 
patients with clinically normal peripheral vascular 
systems. They found that exercise increased the sod- 
ium clearance above the resting value and also that 
the sodium clearance was reduced below resting 
values in the antagonistic muscles. 

Eight cases of arteriosclerosis obliterans were 
investigated and it was found that the mean circu- 
latory clearance was lower than normal. However, 
there was considerable individual overlapping into 
the normal range. From this latter fact, it was con- 
cluded that the method had little value as an in- 
dividual diagnostic measure in arteriosclerosis ob- 
literans. 

The sodium clearance rate of 16 patients with 
phlebothrombosis was measured. There was much 
individual variation, but the mean rate was the same 
as the preoperative rate. Therefore, the results indi- 
cated that effective calf muscle circulation was not 
reduced by phlebothrombosis. Four of these cases 
had bilateral superficial femoral vein ligation and 
were studied. No change in the normal rate was 
noted. 

Forty-two cases were studied before and after 
operation and no significant change in the mean 
sodium clearance was noted. 

Thoracolumbar sympathectomy was found to in- 
crease the sodium clearance rate in four cases. How- 
ever, of four patients studied before and after lum- 
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bar <ympathectomy, two had an increased rate and 
two had a decreased rate. 

The sodium clearance method accurately reflects 
mus‘le blood flow changes, but its usefulness as a 
clin cal test for predicting or diagnosing postopera- 
tive phlebothrombosis is limited because of physio- 
logi : variations. 


FROBESE 


Posi, R. S.: Decrease of Cardiac Output by Acute 
Pericardial Effusion and Its Effect of Renal Hemo- 
dynamics and Electrolyte Excretion. Am. J. Phy- 
siol. 165: 278 (May), 1951. 

Acute pericardial effusion in dogs increases cen- 
tral resistance to venous return and hence causes a 
rise in venous pressure. Heart output decreases al- 
though the fall in systemic arterial pressure is not so 
great, because of a sustaining vasoconstriction. Renal 
vasoconstriction is less than in other areas, since the 
fraction of the cardiac output flowing through the 
kidney is increased. Total peripheral resistance in- 
creases more than renal resistance. Glomerular filtra- 
tion rate and renal blood flow are both decreased. 
The smaller filtration rate means that a smaller 
amount of sodium is presented to the tubules, re- 
absorption is increased and excretion of sodium de- 
creased. Venous pressure rise was too small to be 
important in sodium retention. Potassium was re- 
tained, but to a lesser degree than sodium. 

OPPENHEIMER 


Denolin, H., and Lequime, J.: Alterations of the 
Circulation in Chronic Cor Pulmonale. Arch. mal 
du coeur 44: 391 (May), 1951. 

The authors report respiratory and cardiodynamic 
studies in 12 patients with chronic pulmonary disease 
and arterial O. desaturation of 67 to 90 per cent. 
Ten cases were cyanotic and showed a significant 
dilatation of the pulmonary artery at x-ray examina- 
tion and right axis shift in the electrocardiogram. 
Four cases had signs of heart failure. Autopsies on 
two of the latter cases revealed right heart dilatation 
and atheromatosis of the pulmonary vessels. 

The lowered arterial oxygen content present in all 
cases dropped further during an exercise test. How- 
ever, the oxygen utilization coefficient (O. consump- 
tion per hour) /(ventilation per hour) was elevated 
during exercise, as it is in normals. This indicates 
that in chronic cor pulmonale pulmonary ventila- 
tion is more depressed than oxygen consumption. 
In the majority of the cases cardiac output was high, 
whe‘her or not there was heart failure, and the pres- 
sure in the cavities of the right heart was elevated. 
In x cordance with views expressed in the literature 
the :uthors conclude that impaired alveolar ventila- 
tion is the principal pathologic factor responsible for 
the various clinical manifestations of chronic cor 
puln onale. 


Pick 


Dieckmann, W. J., Smitter, R. C., Horner, E. N., 
Pottinger, R. E., Ryukiewicz, L., and Lundquist, 
R.: Etiology of Pre-Eclampsia-Eclampsia. III. The 
Effect of Oral Ingestion of Sodium Chloride and 
Sodium Bicarbonate by Patients with Toxemia of 
Pregnancy. Am. J. Obst. & Gynec. 61: 1100 
(May), 1951. 

The authors classify pregnant patients as having 
pre-eclampsia and/or eclampsia when there is (1) 
rapid or excessive weight gain, (2) edema after bed 
rest, (3) a marked negative water balance and de- 
crease in weight following delivery. The presence of 
hypertension and/or proteinuria is not essential so 
long as evidence of abnormal electrolyte and water 
retention is observed. 

Previous studies by this group had demonstrated 
that intravenous sodium salts administered to pa- 
tients with true pre-eclamptic manifestations were 
harmful. In non-toxemic patients with edema and 
weight gain, the infusion was innocuous. In the 
present study, 104 patients with clinical evidence of 
toxemia were given sodium cbloride or lactate tab- 
lets, alternating with placebo therapy, for periods 
each of one or more weeks. 

Of the entire group, 70 per cent of the patients 
failed to show any difference in their response to 
sodium salts compared to placebos. In some patients, 
presumably true pre-eclamptics, there was a definite 
increase in weight gain, edema, blood pressure and 
proteinuria. It is suggested that the patients who 
were unaffected by the administration of sodium 
salts do not have true pre-eclampsia and the term 
“‘pseudopre-eclampsia” has been applied to this 
group. 

SHUMAN 


Hurst, W. W., and McPhail, F. L.: Toleration of a 
High Water Intake by Patients with High-Grade 
Mitral Stenosis in the Last Trimester of Preg- 
nancy. Am. J. Obst. & Gynec. 61: 1001 (May), 
1951. 

In this series of 16 patients with serious heart 
disease, the effect of the administration of large 
amounts of fluids was observed. There were 18 
pregnancies in this group, all associated with con- 
gestive heart failure due to mitral stenosis, with 
aortic valve lesions combined in five. Each of these 
patients was studied for an average period of 12 
days, during which the fluid intake ranged from 3000 
to 6000 ce. per day. Saline-containing infusions were 
used only where emesis or duodenal drainage neces- 
sitated replacement of sodium and/or chloride. 
Whenever blood, plasma or saline were administered, 
large amounts of water by mouth or isotonic dex- 
trose were given. There was one maternal death due 
to subacute bacterial endocarditis. 

The authors emphasize the need for adequate 
amounts of plain water which will maintain true 
water balance without causing heart failure or pul- 
monary edema. The volume of water recommended 
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depends upon the antecedent water deficit, the 
vaporization losses, and the requirements of the 
kidney for urine formation; it is given by mouth or, 
if necessary, may be given by vein as 5 per cent 
dextrose in water. The diet should provide a moder- 
ate restriction of sodium with a slight excess of acid 
ash. 
SHUMAN 


Newman, M. M., Bay, E. B., and Adams, W. E.: 
Ballistocardiography in Experimental Mitral In- 
sufficiency. Am. J. Physiol. 165: 497 (June), 
1951. 

Pure mitral insufficiency was studied by right 
heart catheterization and low frequency ballisto- 
cardiograms. All animals showed a rise in right ven- 
tricular and pulmonary artery pressure. There was 
no change in oxygen consumption, arteriovenous 
oxygen difference, cardiac output, stroke volume or 
ballistocardiogram. Section of the anterior mitral 
leaflet via the atrium was the method used to pro- 
duce regurgitation. 

OPPENHEIMER 


Moyer, J. H., and Handley, C. A.: The Problem of 
Renal Vascular Shunts. Am. J. Physiol. 165: 
548 (June), 1951. 

Renal clearance studies were carried out before 
and following sciatic nerve stimulation on nine dogs 
in order to evaluate the significance, if any, of renal 
vascular shunts. No evidence was found to support 
the hypothesis that renal vascular shunts cause acute 
anuria. 

OPPENHEIMER 


Harris, A. S., Estandia, A., and Tillotson, R. F.: 
Ventricular Ectopic Rhythms and Ventricular 
Fibrillation following Cardiac Sympathectomy and 
Coronary Occlusion. Am. J. Physiol. 165: 505 
(June), 1951. 

Abrupt coronary artery occlusion in dogs with 
open chest is followed by a 10 minute period (phase 
1) of ectopic discharges of increasing frequency which 
either pass through a maximum and then decrease 
or end in fibrillation. A two stage occlusion avoids 
the danger of fibrillation in this phase. During the 
next four and one-half to eight hours the ectopic 
frequency is no more than 5 per minute (phase IT) 
in those animals which survive. Following this there 
is a rapid increase in ectopic frequency (phase III) 
which reaches a maximum in 10 to 20 hrs. after the 
artery has been tied. This ectopic activity usually 
lasts two to four days. Experiments were devised to 
obtain evidence concerning the effects of upper 
thoracic sympathectomy upon the occurrence of 
ectopic ventricular complexes during each of these 
three phases. The authors, as a result of their ex- 
periments, came to the point of view that ‘‘multiple 
excitatory factors contribute to the production of 
ectopic impulses following coronary occlusion during 
all three phases and that sympathetic nerve excita- 


tion is one of these factors.”’ This sympathetic nerye 
factor is of minor or moderate importance in the 
first phase, the main factor although not a powerful 
one in the second phase, and a small factor in the 
last phase. Differences in the amounts of other ey- 
citatory influence in the three phases may accouit for 
the varying importance of spontaneous sympathetic 
impulses. Only after Pentothal anesthesia is ‘here 
enough ectopic ventricular activity to be stidied 
adequately in the second phase. These bouts of ae- 
tivity after Pentothal did not oceur when ( pper 
thoracic sympathectomy preceded coronary — o¢ 
clusion. 
OPPENHEIMER 


Berlin, N. I., Bowles, D. F., Hyde, G. M., Parsons, 
R. J., Samson, P. C., and Port, S.: The ilood 
Volume and Blood Turnover in Thoracic Su:gery 
as Determined by P** Labelled Red Blood Cells, 
Surg., Gynec. & Obst. 92: 712 (June), 1951. 

By the use of P** labeled red blood cells, the |:lood 
volume changes were studied in 27 patients tha! had 
thoracic operations. The study included caleulations 
of blood volume, total red cell volume and plasma 
volume two to six days prior to surgery and two to 
six days after surgery in each case. The object was 
to determine losses from both the operative pro- 
cedure and bleeding into the wound and body cay- 
ities postoperatively. 

Most of these operations were carried out in sub- 
jects with pulmonary tuberculosis. The blood vol- 
ume turnover or loss in first stage thoracoplasty was 
found to vary from 840 to 1500 ec. Second stage 
thoracoplasty showed a loss of 350 to 1410 ce. of 
blood. During pneumonectomy, the turnover varied 
from 1640 to 5090 cc. of blood. The volume of red 
blood cell loss was proportionately greater than the 
amount of apparent plasma loss in these cases. 

The hematocrit, hemoglobin concentration and 
plasma protein determination did not give an ac- 
curate indication of the diminished blood volume in 
these cases. It was felt that the dye methods of de- 
termination of blood volume were less satisfactory 
than the labeled red cell methods. Blood volumes 
determined by the dye methods are approximately 
15 per cent higher than those determined by the 
labeled red cell method. This is due to loss of dye 
into the cells of the reticuloendothelial system, loss 
into the lymphatic system, and the longer mixing 
time required with Evans blue in comparison with 
labeled red cells. 

The magnitude of blood loss in thoracic operations 
makes blood volume studies with correction of exist- 
ing deficits very important. 

FROBESE 


PATHOLOGY 


Geiringer, E.: The Mural Coronary. Am. [ieart 
J. 41: 359 (March), 1951. 
The author found that in 23 of 100 unselected 
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opsies the anterior coronary artery runs for all 
- yart of its course in the myocardium. Such arteries 
referred to as “‘mural’’ coronaries. The anterior 
cending branch of the left coronary artery was 
ted because of its straight course, ease of 
asurement, and because atherosclerotic lesions 
year in it early. In the mural coronary, the over- 
ag myocardium may be 5 mm. or more thick, and 
covering fibers run at right angles to the course 
the vessel. These fibers belong to the superficial 
er of the myocardium, the so-called vortex fibers. 
some cases, the left anterior descending coronary 
ery divided near its origin into two parallel 
brinehes, one of which pursued an intramuscular 
irse. In patients of the same age and sex, in hearts 
{ the same weight, an epicardial left anterior de- 
scending artery of the same lumen as a corresponding 
mural branch tends to have a considerably thicker 
intima. Furthermore, atherosclerosis rarely affected 
the mural coronary artery although it was common 
in the epicardial stretches. 

The author believes that the myocardial invest- 
ment reinforces the muscular action of the media 
and minimizes the mechanical stresses of intravascu- 
lar tension which are important factors in the genesis 
of intimal hyperplasia. The lower incidence of athe- 
roma in the mural coronaries is related to the 
presence of thinner intima and undisturbed vascular 
supply. In view of the virtual immunity of mural 
coronary arteries from atheroma, the author sadly 
laments that human coronaries do not resemble 
more commonly the mural distribution of the chim- 
panzee or orangutan arteries, rather than that of 
the gorilla and gibbon. In this respect, it would 
seem that we “are descended from the wrong type 
of ape.” 


HELLERSTEIN 


Franco, P. M.: Study of Connective Atrial Bundles 
under Normal and Pathologic Conditions. Arch. 
d. mal. du coeur 44: 287 (April), 1951. 

The author found in the course of histologic 
studies of the atrial myocardium of human hearts 
several muscular connections which, in his opinion, 
serve for transmission of the impulse from the sinus 
node to the right atrium (sinoauricular pathway), 
to the left atrium (interauricular pathway) and to 
the node of Tawara (sinonodal pathway). The inter- 
au'icular pathway he identifies with the previously 
de-cribed bundle of Bachman and the sinonodal one 
with the Torus Loweri. 

n two cases sclerotic lesions restricted to these 
cov nection fibers could be demonstrated microscopic- 
all. In the electrocardiogram, one case had sinus 
rh thm with small P waves and a normal P-R 
int rval, the other inverted P waves in lead II and 
Ili and also a normal P-R. The author feels that 
vas ular or ischemic processes in the atrial myo- 
ear ium ean produce functional disturbances “anal- 


ogous to those following lesions affecting the specific 
tissue itself.”’ 


Pick 


Fisch, C.: The Heart in Dystrophia Myotonica. 

Am. Heart J. 41: 525 (April), 1951. 

The author found evidence suggesting heart in- 
volvement in five of six patients suffering from 
typical dystrophia myotonica, a familial disorder of 
skeletal muscles characterized primarily by slow 
relaxation after contraction and atrophy. The pa- 
tients were all males, whose ages ranged from 35 to 
56 years. The blood pressure was in the low normal 
range. Symptoms referable to the cardiovascular 
system occurred in two of five patients. In four of 
the five patients with abnormal electrocardiograms 
it was not possible to obtain a history which would 
suggest that the alteration might be a result of one 
of the more common etiologic causes. In one case, 
the serologic test for syphilis was positive, but there 
was no clinical evidence of syphilitic heart disease. ‘ 
Prolongation of the P-R interval was found in three 
patients, left bundle branch block in one patient, 
auricular flutter in one patient, and low amplitude 
of the QRS complexes in one patient. The author 
collected from the literature a total of 85 patients 
with electrocardiographic studies. The electrocardio- 
grams were normal in 31.7 per cent. Prolongation 
of the P-R interval occurred in 48.3 per cent, de- 
layed intraventricular conduction in 11.7 per cent, 
and auricular flutter, auricular fibrillation and non- 
specific T and S-T changes in the remainder. Al- 
though detailed anatomic studies are not available, 
the author believes that the high incidence of electro- 
cardiographie changes, the uniform distribution 
among the various age groups, and the lack of 
antecedent history of one of the more common 
etiologic agents suggest that the alterations of the 
sardiovascular system are an integral part of dys- 
trophia myotonica rather than a coincidental finding. 

HELLERSTEIN 


Magarey, F. R.: Pathogenesis of Mitral Stenosis. 

Brit. M. J. 4711: 856, (April 21), 1951. 

The author reviews the current theories regarding 
the pathogenesis of mitral stenosis and believes that 
there is ample evidence to show that progressive 
postrheumatic valvular thickening and the develop- 
ment of mitral stenosis are due at least in part to 
organization of repeated deposits of fibrin on the 
surface of the valve, and in the commissures be- 
tween the cusps, and that it is not necessarily 
dependent upon the accepted process of postinflam- 
matory cicatricial contraction within the substance 
of the valve. As evidence the author presents path- 
ologie data which show that approximately 70 per 
cent of the valves studied in rheumatic heart disease 
contain fibrin deposits, while only 7 per cent of the 
nonrheumatic hearts disclosed its presence. He be- 
lieves that the rheumatic healing process encouraged 
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the deposit of fibrin on the surface and this sequence 
of thrombus (fibrin) formation followed by organiza- 
tion may be repeated throughout life, thus explain- 
ing the slow development of mitral stenosis. His 
studies on partially submerged valves have shown 
that repeated deposition of fibrin has been respon- 
sible for the gradual burial of these structures below 
the surface of the cusps, and this process is likewise 
responsible for the “shortening” of the chordae 
tendineae. This study is of interest in view of the 
findings at operations undertaken for the direct 
surgical relief of mitral stenosis. The author feels 
that if his concept is correct, the results of surgical 
intervention by cutting the commissures may lead 
to reoccurrence and still predispose to repeated 
thrombus (fibrin) formation. 
TANDOWSKY 


Moschcowitz, E.: The Relation of Hyperplastic Ar- 
teriosclerosis to Diabetes Mellitus. Ann. Int. 
Med. 34: 1137 (May), 1951. 

Gross arteriosclerosis of the aorta and of the 
pulmonary artery are entirely independent. Gross 
arteriosclerosis of the pulmonary artery occurs no 
more frequently in diabetic patients than in controls 
within the same age group. This observation ex- 
cludes the possibility that diabetes causes hyper- 
plastic arteriosclerosis. The incidence of arterio- 
sclerosis of the aorta and of the coronary artery was 
no higher in diabetics than in the control groups. 
There is a substantial increase above that conse- 
quent to senescence in the incidence of arterial lesions 
in the pancreas in diabetes as compared to control 
groups. The brunt of this increase is largely de- 
pendent on the increase of hyalinization. The in- 
crease in hyalinization is the result partly of the 
diabetes itself and partly of an associated hyper- 
tension. Hypertension appreciably increases the total 
incidence of arterial lesions in the pancreas as com- 
pared with normotension. The apparent increase 
of arterial changes in the pancreatic arteries in 
diabetes is specious and is explainable by the clinical 
observation that older individuals with prolonged 
essential hypertension are potential diabetics; there- 
fore, the number of older diabetics in whom the 
hypertension precedes the diabetes is considerable. 
Advanced age, even without hypertension, may 
produce hyperglycemia and diabetes. Hyalinization 
and fibrosis of the islands of Langerhans occur in 
about one-half of the pancreases of the older diabetics, 
but rarely in children. These lesions are therefore 
not specific lesions of diabetes. The arteries of the 
pancreas were involved in virtually 100 per cent of 
cases in which island lesions were present. The 
island lesions are interpreted morphogenetically as 
a capillary sclerosis, precisely comparable to that 
found in alveolar capillaries of the lung, the sinusoids 
of the liver, and in the glomeruli in the presence of 
arteriosclerosis and phlebosclerosis affecting the main 
vessels of these organs. The capillary sclerosis is 


the result of either the extension of the fibrosing or 
hayalinizing lesion of the afferent arteriole of the 
island into the capillaries, or of diminution of the 
blood supply. The reason why island lesions do not 
occur more frequently in diabetes is the special 
pattern of blood supply in the pancreas. The caiise 
of the hypoinsulinemia in the cases in which the 
islands are intact is a functional insufficiency, con-e- 
quent to the impairment of the blood supply to ihe 
islands. The higher incidence of gangrene of ihe 
lower extremity as compared with nondiabetics is 
viwed as the result of atherosclerosis, which is ‘he 
characteristic lesion of diabetes. The atheroscler: sis 
is due to a hyperlipemia and, more particularly, 
hypercholesteremia. All the submitted evideice 
makes it fairly certain that in older individuals 
hyperplastic arteriosclerosis precedes but does jot 
follow the diabetes. 
WENDKOs 


Biork G., and Krook, H.: Myocardial Injury at 
Cardiac Catheterization. Report of a Case. Acta 
cardiol. 6: 101, 1951. 

The authors present electrocardiograms and pres- 
sure curves obtained simultaneously during cardiac 
catheterization of an eight year old boy with pul- 
monic stenosis and patent ductus arteriosus. A tran- 
sient drop of pressure in the pulmonary artery and 
right ventricle and a pressure rise in the right 
auricle occurred simultaneously with transient 
changes in contour of the electrocardiogram. The 
latter consisted in marked shortening of the P-R 
interval or complete disappearance of the P wave, 
in widening of the QRS and in marked depression of 
the S-T segment, without changes in rate. The 
authors feel that the most likely explanation of the 
simultaneous variations of the electrocardiogram 
and of the pressure values is a “functional myocardial 
insufficiency” related to and perhaps induced by 
subendocardial injury in the course of cardiac eathe- 
terization. 

Pick 


Miller, M.: Granulomatous Giant Cell Myocardi- 
tis. Schweiz. Ztschr. f. allg. Pathol. u. Bakteriol. 
14: 146, 1951. 

The author reports postmortem findings in a 45 
year old woman who had no clinical signs of heart 
disease and who died suddenly. The heart was en- 
larged due to dilatation of both ventricles and 
showed grossly brown atrophy and fatty degener- 
ation. Sections taken from both ventricles, the 
septum and the papillary muscles showed, micro- 
scopically, numerous granulomatous foci with gi:nt 
cells, but no epithelioid cells, no caseation and no 
microorganisms were found within the lesions. The 
author considers a viral infection or allergy as })0s- 
sible causes of the isolated myocarditis. 

Pick 
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PHARMACOLOGY 


Spies, H. W., Dowling, H. F., Lepper, M. H., 
Wolfe, C. K., and Caldwell, E. R., Jr.: Aureo- 
mycin in the Treatment of Bacterial Endocarditis. 
Arch. Int. Med. 87: 66 (Jan.), 1951. 

Nine patients with endocarditis caused by alpha 
ond beta streptococci, pneumococci and staphylo- 
coeei were treated with Aureomycin. Two patients 
:ecovered with Aureomycin therapy; one recovered 
. {ter receiving combined Aureomycin and penicillin 
‘ierapy, and one failed to show improvement with 
Aureomycin therapy but recovered when he re- 
ceived penicillin. Of the five patients who died, one 
lad extensive miliary tuberculosis and the others 
had either ruptured valve cusps or congestive heart 
failure which accounted, at least in part, for the 
fatal outcome. 

In vitro studies of the synergistic action of Aureo- 
myein and penicillin were utilized as a guide to the 
treatment of one patient. 

It is concluded that Aureomycin is a valuable 
agent in the treatment of endocarditis, either alone 
or in combination with penicillin. 

BERNSTEIN 


Bickel, G., Plattner, H., and Edelstein, H.: Complete 
Recovery Following Intoxication with Massive 
Dose of Digitalis. Arch. d. mal. du Coeur 44: 61 
(Jan.), 1951. 

A 36 year old woman attempted suicide by taking 


50 mg. of digitaline Nativelle. The typical clinical 
signs of digitalis poisoning appeared within an hour. 
Vomiting, hiccup, somnolence, visual disturbances, 
and diarrhea, lasted for eight days. The electro- 
cardiographic tracings, taken at frequent intervals, 
showed an extreme variability. They consisted of 
auricular fibrillation, auricular flutter, SA and AV 
block. There were no changes of the QRS complex, 
while the s-t segment and the T wave showed the 
typical digitalis effects. The electrocardiogram re- 
turned to normal in 12 days. 
LUISADA 


McCall, M. L., Finch, T. V., and Taylor, H. W.: 
Cerebral Effect of Papaverine Hydrochloride in 
Toxemia of Pregnancy. Am. J. Obst. & Gynec. 
61: 393 (Feb.), 1951. 

Using the nitrous oxide method of measuring 
erebral blood flow, the authors studied the changes 
oduced by the intravenous administration of pa- 
wverine in a group of seven patients with pre- 
>» lampsia and of three with hypertensive toxemia. 

A drop in blood pressure was produced in both 

oups by the drug. Cerebral blood flow increased in 

1 ost instances, while cerebral vascular resistance 
‘ereased to a normal level. There was also a sig- 
‘icant increase in oxygen utilization by the brain. 
On the basis of the results, it was felt that pa- 
« verine was worthy of a clinical trial as an adjunct 


to therapy in pre-eclampsia and hypertensive tox- 
emia of pregnancy. 


ABRAMSON 


Pratt, E. B., Burdick, F. D., and Goldner, M. G.: 
Salyrgan Diuresis in the Bile Fistula Dog. Am. 
J. Physiol. 164: 639, (March), 1951. 

Salyrgan administration caused an increase in 
urine sodium before and after bile removal. In all 
but one dog diuresis was produced although bile 
was drained to the outside. This bile when ad- 
ministered to intact dogs produced no increase in 
urine sodium excretion and no significant diuresis. 
The authors conclude that flow of bile from liver to 
intestine is not essential to organic mercurial diuresis 
in the dog. 

OPPENHEIMER 


Elkin, D. C., and Cooper, F. W.: The Effect of Vaso- 
dilator Drugs on the Circulation of the Extremities. 
Surgery 29: 323 (March), 1951. 

Using the rate of removal of radioactive sodium 
chloride from the muscle as an index of muscle blood 
flow, the authors studied the vasodilating properties 
of several drugs. Supplementing this study, blood 
flow determinations were made by measurement of 
skin surface temperatures and plethysmography. 

In normal subjects, nicotinic acid, papaverine 
and Priscoline uniformly diminished the rate of 
uptake of the radioactive sodium from the muscle. 
The same applied to sympathectomy. Priscoline 
and C7337 were the only agents which elevated skin 
surface temperature in the digits. In the case of 
patients with organic obliteration of the arteries, 
the dilator drugs either had little effect on skin 
surface temperatures or the blood flow was decreased. 

ABRAMSON 


Perera, G. A.: Cortisone and Blood Pressure. Proc. 
Soc. Exper. Biol. & Med. 76: 583 (March), 1951. 
The results indicate that cortisone exerts little 

influence on the arterial tension of normotensive 
patients without renal disease treated for several 
months with the dosages customarily used. It is 
possible that larger doses or therapy continued for 
longer periods of time may yet be associated with 
hypertension similar to that seen in Cushing’s syn- 
drome. 

Rises in systolic and diastolic blood pressures were 
obtained within a few weeks in the group with renal 
involvement, receiving the customary doses of corti- 
sone. From the present study it is unknown whether 
the kidney damage results in a greater retention or 
a chemical modification of the administered cortisone 
or whether the response of the diseased kidney to the 
steroid is altered. 

The author recommends that cortisone be used 
with greater care in patients with renal disease, 
particularly if there is a history of antecedent 
hypertension. 

MnitTz 
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Wilson, J. L., and Quash, E. T.: Intra-arterial and 
Oral Priscoline. A Clinical Report. Am. J. Surg. 
81: 336 (March), 1951. 

The authors studied the effect of Priscoline on 17 
patients with various types of vascular disorders of 
the lower extremities. The medication was given 
orally and intra-arterially. 

With intra-arterial administration of an average 
dose of 50 mg., the patient generally experienced an 
intense warmth and burning sensation in the foot 
which lasted for several minutes. During this time 
there was a moderate increase in pulse rate without 
subjective symptoms, but no postural hypotension 
was encountered. Skin temperature studies showed 
an elevation in the readings in some cases as early 
as five minutes after injection. The rise in tempera- 
ture lasted as long as four hours after administra- 
tion and varied from 1 to 6 F. depending upon the 
degree of pathologic disorder. In those patients with 
arteriosclerosis obliterans, the effect was not as 
sustained as in other groups. 

Priscoline was found effective in the treatment of 
refractory leg ulcers, provided therapy was started 
prior to the onset of gangrene or established soft 
tissue necrosis. The drug was also of use in the 
relief of spasm due to many different causes. How- 
ever, in severe cases with gangrene, it was not of 
value in effecting a spontaneous amputation of a 
toe or toes or a lower site for surgical amputation. 

It was the authors’ impression that intra-arterial 
administration of Priscoline supported by oral 


therapy might replace lumber sympathectomy in 
selected cases of vasospasm as well as ulceration 
prior to the stage of advanced necrosis. 

ABRAMSON 


Reedy, W. J.: Comparative Effects of Ether, Al- 
cohol, Tetraethylammonium and Priscoline in 
Producing Vasodilatation in Peripheral Vascular 
Conditions. J. Lab. & Clin. Med. 37: 365 (March), 
1951. 

The: author studied the effect of various vaso- 
dilating drugs on 16 subjects suffering either from 
arteriosclerosis obliterans or vasospastic disorders 
of the extremities. Changes in the skin temperature 
of the digits were used as an indication of the efficacy 
of the medication on altering cutaneous blood flow. 

The intravenous injection of ether had no con- 
sistent effect on skin temperature, while alcohol 
infusion produced vasodilatation in the presence of 
vasospasm but no increase in skin temperature in 
patients with arteriosclerosis obliterans. The in- 
travenous administration of tetraethylammonium 
appeared to have a weak action on increasing cu- 
taneous blood flow, while Priscoline was quite effec- 
tive in this regard both in arteriosclerosis obliterans 
and in vasospastic disorders. 

ABRAMSON 


Spadolini, L.: Epinephrine as a Safety Factor against 


Perturbing Conditions of the Systolic Rhythm on 
the Amphibian Heart. Arch. di fisiol. 50: 127 
(March), 1951. 

The author had previously described a specis! 
type of “tetanus” of the amphibian heart. Loy 
concentrations of epinephrine (from 107° to 10~ 
were found to prevent that summation process whic 
is obtained by means of electrical stimulation « 
proper frequency plus hypercalcemic Ringer’s solu 
tion. 

Procaine was found to have the same propert 
as epinephrine in preventing the experimental “‘tets 
nus” and to potentiate the action of epinephrin 
The author believes that the procaine acts b 
inhibiting the fixation of calcium ions in the colloid: 
systems of the muscle. 

LuIsADA 


Hurley, L. A., Roberts, J. E., Buchanan, A. R., anid 
Tillquist, G.: Preliminary Investigation of th 
Value of the Dihydrogenated Alkaloids of Ergot 
in the Treatment of Experimental Frostbite. Surg.. 
Gynec. & Obst. 92: 303 (March), 1951. 

The authors studied the effect of a mixture of 
three dihydrogenated alkaloids of ergot upon experi- 
mental frostbite in rats. The ends of the tails were 
frozen by immersing them in ether which was main- 
tained at a temperature of 15 C. with solid carbon 
dioxide. The application was maintained for 60 
seconds. The tails were allowed to air-thaw and then 
treatment was begun immediately. 

Statistical analysis of the results revealed that, 
in the group of rats receiving the dehydrogenated 
alkaloids of ergot, the mean tail loss was significantly 
less than that obtained in a control series of animals. 
It was felt that the improvement in the treated 
group was due largely to the vasodilator action of 
the drugs. 

ABRAMSON 


Paton, W. D. M.: The Paralysis of Autonomic 
Ganglia, with Special Reference to the Thera- 
peutic Effects of Ganglion-Blocking Drugs. Brit. 
M. J. 4710: 773 (April 14), 1951. 

The author reviews the drugs which interfere with 
the transmission of excitation across the synapsis 
of the autonomic ganglions resulting in ganglionic 
block. The author discusses the potentialities of four 
of these, namely nicotine, curare, tetraethylammo- 
nium, and hexamethonium. Physiologic transmission 
in these ganglions with adequate production of 
acetylcholine is discussed with its normal excitation 
of the ganglionic cell. 

The specific action of nicotine as an autonomic 
ganglionic blocking agent in pharmacologic researc): 
was briefly reviewed. Curare, although free fron 
the stimulating action shown by nicotine, has two 
disadvantages: it produces neuromuscular paralysis 
and also causes histamine liberation, the latte’ 
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interfering with the study of blood pressure and 
blood flow. 

The author believes that tetraethylammonium is 
a fairly specific ganglionic inhibitor which lacks 
stimulant action on ganglions, but he feels that its 
action is relatively transient, and that its potency 
is not high. Its side effects were briefly discussed, 
particularly in reference to its clinical application. 
He reviews the action of hexamethonium as a 
ganglionic blocking agent as proved by competition 
and he discusses its effect on blood pressure. by the 
release of autonomic tone, and not by direct vascular 
action, or an atropine-like ‘“‘adrenolytic” :action. 
The action of ganglionic blocking agents on blood 
pressure is thought to be an exaggeration of the 
mechanisms maintaining normal blood pressure 
when they are weakened. Its action varies, depend- 
ing upon the sensitivity of the ganglions. Its use in 
arterial hypertension cannot be fully explored until 
an analysis of its complicating postural hypotension 
is made. Its possible relaxation of venomotor tone is 
discussed as a factor in the production of postural 
hypotension. The spontaneous inhibitory action of 
hexamethonium on hydrochloric acid to a point of 
achlorhydria is briefly reviewed and mention is 
made of its possible use in accelerating the healing 
of peptic ulcer and the relief of pain. The author 
feels that the action of hexamethonium holds thera- 
peutic promise and this, in the main, is due to its 
action as a ganglionic blocking agent. The use of 


hexamethonium as a specific tool for the analysis of 
autonomic activity in research is mentioned and it 
is hoped that further investigation of its compounds 
will unfold the yet unknown functions of the syn- 
apses, both central and peripheral. 


TANDOWSKY 


Apperly, F. L.. McKeown, C. E., Young, W. B., 
and Strayer, F. M.: Electrical Method for the 
Prevention of Venous Thrombosis and Pul- 
monary Embolism. Am. J: Surg. 81: 451 (April), 
1951. 

An apparatus is described which permits passive 
muscular contractions in the thigh and calf induced 
by a sinusoidal current from a Burdick Morse Wave 
generator M-210. The procedure is begun as soon 
after operation as possible, stimulation of the muscles 
being maintained for 10 to 15 minutes in each hour 
ior several hours. In some cases a course of stimula- 
tion is given on the following two days. 

ABRAMSON 


sharnoff, J. G., Carideo, H. L., and Stein, I. D.: 
Cortisone-Treated Scleroderma. J. A. M. A. 145: 
1230 (April 21), 1951. 

Moderately advanced generalized scleroderma re- 
ponded dramatically to cortisone but in a period 

' 10 weeks irreversible hypertension complicated 

y uremia caused the patient’s death. Not only 
ere severe vascular lesions noted in the kidneys 


(similar to those frequently found in scleroderma) 
but also thrombotic ischemic renal infarctions were 
found. These were of the type often reported in 
polyarteritis nodosa. Such a course of events had 
not been reported prior to the advent of cortisone 
and ACTH therapy so it is suspected that the 
treatment given the patient may have accelerated 
pathologic changes preexisting in the kidneys. 
KITcHELL 


Natelson, R. P.: Tuberculous Pericarditis: A Report 
of Three Cases Treated with Streptomycin. Ann. 
Int. Med. 34: 1169 (May), 1951. 

One patient, a woman known to have had pul- 
monary tuberculosis since the age of 17, developed, 
at the age of 28, progressive cardiac enlargement, in- 
creasing venous pressure, decreasing blood pressure, 
hepatic enlargement and progressive electrocardio- 
graphie abnormalities interpreted to be diagnostic 
of a pericardial lesion. At this juncture, 3 grams of 
streptomycin were administered daily for 33 months. 
When she was next seen 8 months later, there were 
no findings to suggest previous pericardial involve- 
ment and the pulmonary lesion was inactive. An- 
other patient, a female known to have had pul- 
monary tuberculosis since the age of 17, developed, 
at the age of 26, the typical findings of a calcified 
pericardium with constrictive phenomena. She re- 
ceived 1 Gm. of streptomycin daily for one month 
following which the systemic venous pressure re- 
turned to normal. She died suddenly, eight months 
after completion of streptomycin therapy, of a 
massive pulmonary hemorrhage. An autopsy was 
not performed. Another patient, a male, known to 
have had pulmonary tuberculosis since the age of 27, 
developed, at the age of 29, pain in the chest, 
fluoroscopic findings of a pericardial effusion, elec- 
trocardiographic changes considered to be diagnostic 
of a pericardial lesion, and an elevated systemic 
venous pressure. In a small amount of pericardial 
fluid, removed by paracentesis, tubercle bacilli could 
not be demonstrated by smear or culture. One Gm. 
of dihydrostreptomycin was administered intramus- 
cularly for a period of 45 days, following which ob- 
jective and subjective evidences of the pericardial 
lesion disappeared. One year later, when he was re- 
admitted to the hospital because of a persistently 
positive sputum, there were no clinical or radioscopic 
evidences of previous pericardial involvement. 

WENDKOS 


Fowler, N. O., Westcott, R. N., Scott, R. C., and 
McGuire, J.: The Effect of Nor-Epinephrine upon 
Pulmonary Arteriolar Resistance in Man. J. Clin. 
Investigation 30: 517 (May), 1951. 

The infusion of /-norepinephrine in man leads to 
an elevation in pulmonary artery pressure. The 
authors studied 13 subjects to observe the mecha- 
nism of this effect. During /-norepinephrine infusion 
there was a statistically significant rise in pulmonary 
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artery pressure and rise in mean brachial artery 
pressure with a decrease in cardiac output in five 
subjects; the pressures were unchanged in five others. 
At the same time there was a statistically significant 
mean rise in pulmonary “capillary” pressure, and a 
significant increase in total peripheral resistance, 
without an increase in pulmonary arteriolar re- 
sistance. In three subjects there was a definite and 
marked rise in right atrial pressure. 

The authors conclude that during the adminis- 
tration of /-norepinephrine the pulmonary hyper- 
tension is due to an increase in pulmonary venous 
pressure and not to a constriction of the pulmonary 
artery. Furthermore, despite the rise in right atrial 
pressure, arterial or capillary constriction contributes 
to the increase in total peripheral resistance. 

WAIFE 


Krehbiel, S., and Stewart, H. F.: Self-Administra- 
tion of a Mercurial Diuretic. J. A. M. A. 146: 
250 (May 19), 1951. 

Seventy-one ambulatory patients with cardiac 
disease were taught to administer their own Mer- 
captomerin sodium injections subcutaneously. The 
study extended over a period of five months. Alto- 
gether 1425 subcutaneous injections were used by 
these individuals. An average of two teaching ses- 
sions was required by the majority of patients to 
learn the procedure. In most patients, and after 
most injections, there were no untoward reactions. 
Occasionally transient local discomfort and nodule 
formation was noted. The reactions were not severe 
enought to warrant discontinuance of the program. 
Limitations for this method of self-medication are 
aversion to the idea of self-injection, mental incom- 
petence, and physical disability. Nineteen patients 
who were given preliminary instructions fell into 
these categories, leaving 71 who participated fully. 
The benefit could be measured financially by the 
patient and in reduction of routine work at the clinic, 
saving the time of the medical, nursing and secre- 
tarial staffs. The authors recommend widespread 
adoption of self-injection technic in patients who 
are suited to such a program. 

KITCHELL 


Carroll, D.: Streptomycin in the Treatment of Tu- 
berculous Pericarditis. Bull. Johns Hopkins Hosp. 
8: 425 (May), 1951. 

The course of tuberculous pericarditis is analyzed 
in 71 untreated cases. Thirty-nine, or 53.5 per cent, 
died within two years, and 14, or 19.5 per cent, 
survived for five or more years. Thirty-three of the 
39 fatalities had widespread tuberculosis at death. 
In the other six cases, the process was localized to 
the mediastinum and the pericardium. Nine cases 
died in cardiac failure. 

Twenty-one patients were studied who survived 
for five or more years; the average follow-up period 
was 12.6 years. Five of this group died after the 


five year follow-up period, two of tuberculous peri 
carditis in the seventh year, two of carcinoma of! 
the prostate, and one of carcinoma of the stomach 
Three had signs and symptoms, probably secondary 
to the previous tuberculous pericarditis; one hac 
had an operation for chronic constrictive pericardi 
tis, and was now fibrillating, one had calcification o: 
the pericardium without cardiac symptoms, anc 
the third had evidence of pulmonary involvement 

Six cases were reported which were treated witl 
streptomycin. Early treatment with streptomycir 
facilitates healing with a minimum of scarring. Be 
cause pericarditis may be the initial sign of a wide 
spread tuberculosis and because treatment is mor 
effective early than late, the author stresses th: 
early treatment with streptomycin and PAS eve 
before the diagnosis is definitely proved. He advise 
the use of these drugs along with prolonged bed res‘ 
postoperatively for chronic constrictive pericarditis 

MaRGOLIES 


PHYSIOLOGY 


Laszt, L., and Miiller, A.: The Pressure Curves in 
the Left Ventricle, Atrium and in the Ascending 
Aorta. Helv et. physiol. et pharmacol. acta 9: 55 
(March), 1951. 

By means of multiple cannulation and using four 
electrical transmission manometers in the open chest 
dog, the authors recorded simultaneously the pres 
sure curve in the ascending aorta, the left atrium 
and at various points within the left ventricle. The 
contour of the ventricular curve was found to'depend 
on the type of cannula and the region of recording. 
When the cannula was located in the region of the 
conus arteriosus in the direction of the streamlines, 
the pressure curve had a simple bell shaped contour 
with a plateau, or with a single or double peak. In 
the aorta, two preoscillations, a systolic wave and 
afteroscillations were seen. The duration of the 
two preoscillations corresponded approximately to 
the duration of the isometric phase of ventricular 
contraction. During the time of pressure rise, the 
pressure values in the aorta are usually a little higher 
than in the ventricle and the systolic maximum is 
usually lower in the ventricles than in the aorta. 
At the time of the incisura, the ventricular pressure 
is always lower than the aortic pressure. 

Pick 


Vruner, H. D., Clark, J. K., and Barker, H. G.: 
An Attempt to Measure Renal Circulation Time 
with P**, Am. J. Physiol. 164: 618 (March), 1951. 
In anesthetized, eviscerated dogs and rabbits no 

consistent relationships were found among (a) rena! 

circulation times as measured simultaneously by 

Evans blue dye and by P®, (b) arterial blood pres 

sure, (c) renal blood flow and (d) renal vascula: 

resistance. The return of P®? from the kidney follow 
ing intra-arterial injection occurred as a protractec 
wave extending over a considerable time. This wa: 
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true of the cephalic, coronary, splenic, and femoral 
circulations as well. 

The P® circulation time method provided an ob- 
jective measure of the shortest vascular route but, 
in common with the dye method, gave no informa- 
tivcn bearing on any identifiable physiologic factor. 
In ections of P® into individual glomerular capsular 
spices in amphibia indicated that some of the pro- 
trcted return from the kidney may be due to a 
detour of the P® into the glomerular filtrate with 
su sequent tubular absorption. 

OPPENHEIMER 


Curtis, H. J., and Travis, D. M.: Conduction in 
Purkinje Tissue of the Ox Heart. Am. J. Physiol. 
165: 173 (April), 1951. 

[he false tendons of the left ventricle of the ox 
heart have been used to study excitation and con- 
duction in Purkinje tissue. These strands exhibit 
resting and action potentials identical qualitatively 
to heart muscle. Responses are “all or none,” con- 
duction velocity averages 4.2 meters per second at 
37 C., and the absolute refractory period lasts for 
the period of depolarization. Although this tissue 
is made up of a large number of individual cells the 
authors point out that the electrical behavior in- 
dicates clearly that there is a functional protoplasmic 
continuity between adjacent cells, and the Purkinje 
tissue acts as a functional syncitium. 

OPPENHEIMER 


Bowen, W. J.: Phosphorylysis of Adenosine Triphos- 
phate and Rate of Contraction of Myosin B 
Threads. Am. J. Physiol. 165: 10 (April), 1951. 
Phosphorylysis of adenosine triphosphate by myo- 

sin B is greatly accelerated in the presence of cal- 

cium but is unchanged by magnesium. However, 
the rate of shortening of myosin B threads is in- 
hibited by calcium and accelerated by magnesium. 

On the basis of these results it is suggested that 

phosphorylysis adenosine triphosphate is not di- 

rectly involved in shortening of myosin B threads. 

OPPENHEIMER 


RHEUMATIC FEVER 


Bayliss, R. I. S., Etheridge, M. J., and Hyman, 
A. L.: Pulmonary Hypertension in Mitral Stenosis. 
Lancet, 2: 889, (Dec.), 1950. 

Right ventricular and/or pulmonary artery pres- 
sures have been correlated with clinical, radiologic 
and electrocardiographic findings in 22 patients 
with mitral stenosis. Pulmonary hypertension at 
rest was found in 17 patients. 

Patients with severe pulmonary hypertension 
without peripheral venous congestion presented a 
recognizable syndrome characterized by predomi- 
nai:t pulmonary symptoms and electrocardiographic 
evilence of right ventricular hypertrophy. Patients 
with lesser degrees of pulmonary hypertension did 
not present characteristic features, but right ven- 


tricular enlargement on fluoroscopy was a constant 
finding. The degree of pulmonary hypertension, 
however, can be determined only by direct measure- 
ment. 

Right ventricular enlargement was found in all 
patients with pulmonary hypertension. There was 
no relation between the size of the left atrium and 
the degree of pulmonary hypertension. 

On exercise a striking rise in pulmonary artery 
pressure occurred without a significant increase in 
cardiac output. The pulmonary hypertension at 
rest and on exercise is due to stenosis of the mitral 
valve and to increased pulmonary arteriolar resist- 
ance. The relative importance of these two factors is 
discussed. 

BERNSTEIN 


Abrahams, D. G., Glynn, L. E., and Loewi, G.: 
Heparin Tolerance in Rheumatic Fever. II. Clin. 
Se. 10: 1 (Feb.), 1951. 

In a previous communication the authors reported 
that patients with active rheumatic fever demon- 
strated a resistance to the anticoagulant action of 
intravenously administered heparin. The present 
study is concerned with investigations of the mecha- 
nism of this property. In vitro studies were per- 
formed with the blood of control patients and those 
suffering from acute rheumatic fever. In the latter 
group heparin resistance was found to be due to 
inactivation of heparin by the blood itself. This 
property was present in whole blood but not in 
serum alone. There was no correlation between 
heparin resistance and antistreptolysin (‘O’) titer. 

SAGALL 


Keith, J. D., and Neill, C. A.: Rheumatic Fever 
Treated with Cortisone and ACTH. Canad. M. A. 
J. 649: 193 (March), 1951. 

The authors treated 23 cases of rheumatic fever 
with ACTH or cortisone. Prompt relief of fever and 
arthritis was noted, in most cases sedimentation 
rate was brought to normal in three weeks, and 
gallop rhythm frequently disappeared. Nodules dis- 
appeared in three cases and choreiform movements 
ceased in four cases. An appreciable rise in hemo- , 
globin and hematocrit usually occurred during treat- 
ment. 

Patients with chronic heart failure were not im- 
proved by therapy and failure became more marked 
during treatment in one case. However, two cases 
of acute heart failure in the first attack of rheu- 
matic fever were quickly improved with hormone 
therapy. 

ScHWARTZ 


Salt, H. B.: Plasma and Serum Proteins in Chronic 
Rheumatic Diseases. Ann. Rheumat. Dis. 10: 
46 (March), 1951. 

The author studied the alterations in plasma 
proteins in chronic rheumatic states, using the 
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globulin moiety. He found a hyperglobulinemia in 
patients with these conditions, the changes being 
due chiefly to increments in the euglobulin and 
pseudoglobulin I fractions. However, it was his 
belief that none of the changes was specifically 
related to rheumatic disease. 

It was concluded that the various empiric tests 
which have been advocated for the laboratory study 
of chronic rheumatism vary in sensitivity, and hence 
they should be replaced by direct determinations of 
plasma or serum protein components. 

ABRAMSON 


Adams, F. H., Kelley, V. C., Dwan, P. F., and Glick, 
D.: Response of the Serum Hyaluronidase In- 
hibitor and Mucoproteins to Adrenocorticotropic 
Hormone in Rheumatic States. Pediatrics 7: 472 
(April), 1951. 

Following a control period of one to five days, 13 
patients with acute rheumatic fever and two patients 
with juvenile rheumatoid arthritis ranging in age 
from 4 to 17 years, were given 40 to 100 mg. or 
adrenocorticotropic hormone (ACTH) intramuscu- 
larly for approximately four weeks. During the 
administration of ACTH, the sedimentation rate 
dropped to normal and the nonspecific hyaluronidase 
inhibitor level also was reduced to normal in 10 to 
15 days, but became subsequently subnormal in 
all of the cases. The decrease in the sedimentation 
‘rate and the hyaluronidase inhibitor seemed to 
parallel the subjective improvement of the patient. 
The serum mucoprotein did not return to normal 
until approximately three to four months of ACTH 
therapy. In all the cases where ACTH was stopped 
or the dosage reduced prior to a drop in the mucro- 
protein level, the disease recurred. One patient 
manifested a combination of diabetes mellitus and 
rheumatic fever. The affect of ACTH on this pa- 
tient’s rheumatic fever was similar to that of the 
others. However, the insulin requirement doubled 
that of the pre-ACTH period. 

MARGOLIES 


HITS ROENTGENOLOGY 


Miller, J. E.: Anatomy cf the Heart and Great 
Vessels. Angiocardiographic Study. Texas State 
J. Med. 47: 5 (Jan.), 1951. 

It is the author’s opinion that stellata 
is the most accurate method of studying cardio- 
vascular anatomy. Normal angiocardiographic find- 
ings in the posteroanterior projection and in the 
oblique positions are described. It is pointed out 
that angiocardiographic technic shows the pul- 
monary conus to be situated deep in the cardiac 
silhouette and never forms a portion of the left 
border of the heart in the posteroanterior projec- 
tion. “The pulmonary artery segment” is formed 
frequently by the left pulmonary artery and on 
occasion by the main pulmonary artery. In the 
posteroanterior projection, the right side of the 


heart does not occupy the major portion of the 
cardiac silhouette. In the right anterior oblicq:e 
projection, the left ventricle occupies a considera! le 
portion of the cardiac silhouette anteriorly. 
SCHWART? 


SURGERY IN HEART AND 
VASCULAR SYSTEM 


Wilcox, L. D., and Grace, A. J.: Barriers to Surgery 
in Mitral Stenosis. Canad. M. A. J. 64: 2:8 
(Mareh), 1951. 

The exact diagnosis of “tight”? mitral stenos:: 
which alone is surgical, is not always easy. T 
presence of significant mitral insufficiency ru! 
against surgery since operation is likely to be ass.) 
ciated with some additional regurgitation. Surge: v 
should not be considered for grossly calcified mit: 
valves, nor if there is evidence of active rheumat : 

bacterial endocarditis or significant coexistiny 
valvular disease. 

The real surgical objective is a reduction of the 
blood pressure in the left auricle as measured in the 
operating room with a saline manometer. This 
objective has been attained in only a few of the 
reported cases. 

SCHWARTZ 


Leeds, S. E., Mackay, E. S., and Mooslin, K.: 
Production of Ventricular Fibrillation and De- 
fibrillation in Dogs by Means of Accurately Meas- 
ured Shocks across Exposed Heart. Am. J. Phy- 
siol. 165: 179 (April), 1951. 

Dogs hearts have an average resistance of 
olims during the passage of a current. Serial shoe is 
of 85 to 110 volts alternating current, current 1.5 
to 2.1 amperes, applied for 0.1 second were recom- 
mended for defibrillation. It was more difficult to 
produce fibrillation and easier to defibrillate after 
quinidine. When fibrillation was produced by means 
other than electroshock, then defibrillation was 
much more difficult. 

OPPENHEIMER 


Keown, K. K., Grove, D. D., Ruth, H. S.: Anesthesia 
for Commissurotomy for Mitral Stenosis. J. A. 
M. A. 146: 446 (June 2), 1951. 

The anesthesiologic management of 50 cases of 
mitral commissurotomy is presented. They are given 
preanesthetic preparation directed toward decreas- 
ing the irritability of the heart and lessening any 
factors such as nausea, coughing or straining. An 
hour prior to anesthesia, 14 grains pentobarbital 
are given by mouth; 75 to 150 mg. Meperidine and 
atropine sulfate 0.60 mg. (1/100 grain) given intra- 
muscularly. The authors stress that quiet is essential 
in all the procedures to prevent the patient from 
becoming apprehensive and to prevent tachycardia 
from beginning. Thirty minutes prior to induction 
of anesthesia a solution of 0.2 per cent procaine in 
5 per cent dextrose and distilled water is admin s- 
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tered intravenously; 350 to 750 mg. is given before 
i tubation is carried out. Decamethonium bromide 
given in doses varying from 1 to 4 mg. intra- 
mnously until the patient has difficulty in opening 
aid closing his eyelids. Following this thiopental 
s dium is given intravenously in dosages sufficient 
, produce hypnosis. At this time a mixture of 50 
cent nitrous oxide and 50 per cent oxygen is 
1 ministered by Magill endotracheal catheter. Ap- 
‘a is avoided and when indicated respiratory func- 
m is augmented to assure adequate pulmonary 
ntilation. Nitrous oxide and oxygen are continued 
until the surgeon opens the left auricular append- 
ave when 100 per cent oxygen is administered. Pro- 
cine is continued at the same concentration of 
(}2 per cent with a basic flow of 1 Gm. per hour. 
Thiopental sodium is added as required for basal 
hypnosis. The authors attempt to have the patient 
awake, moving and responsive at the completion 
of surgery. 
KircHELL 


Edwards, E. A., and Crane, W.: Lumbar Sympa- 
thectomy for Arteriosclerosis of the Lower Ex- 
tremities. New England J. Med. 244: 199, 1951. 
The results of sympathectomy performed in 100 

patients for peripheral arteriosclerosis are reported. 
Preoperative studies indicated moderate or severe 
obliterative disease in all cases. Frank or imminent 
necrosis was the indication for operation in 70 pa- 
tients whereas intermittent claudication was the 
indication in the others. The early results were poor 
in eight patients. Eighty-nine patients were alive 2 
to 36 months after operation and in this group there 
was only one further amputation on the operated 
side. The vascular status of the foot had almost in- 
variably continued to improve. The age, sex, level of 
occlusion of major arteries or degree of calcification 
of the arteries demonstrable radiographically could 
not be correlated with the outcome. 

Two local factors which seemed to exert an un- 
favorable effect upon the outcome were deep necrosis 
down to bone proximal to the toes and the previous 
loss of the contralateral extremity. Visceral disease 
of such severity that the patient might be expected 
to succumb to the operation was another contra- 
indication to operation. A good temperature re- 
sponse to preoperative paravertebral or spinal anes- 
thesia is felt to be evidence suggesting a good result 
from operation but failure to respond to this test 
does not exclude a favorable outcome. Marked 
hypertension and diabetes both exerted a somewhat 
uifavorable effect upon the outcome. The action of 
s\mpathectomy is felt to be an increase in collateral 
fliw; the circulation cannot be restored to normal 


since the flow in the aggregate of small arteries is 
less than normal. 


ROSENBAUM 


THROMBOEMBOLIC PHENOMENA 


De Camp, P. T., Ward, J. A., and Ochsner, A.’ 
Ambulatory Venous Pressure Studies in Post- 
phlebitic and Other Disease States. Surgery 29: 
365 (March), 1951. 

By placing a flexible polyethylene tube into a 
subcutaneous vein of the foot or lower leg, the 
authors were able to study the venous pressure of 
the limb at rest in the recumbent and erect positions, 
and at a “standing walk.” The procedure proved to 
be a valuable clinical diagnostic tool as well as a 
method of clinical investigation. Ambulatory venous 
pressures assisted in determining the presence or 
absence of disease of the deep veins in a series of 
patients exhibiting chronic disorders of the leg 
associated with trauma, spontaneous edema, cellu- 
litis and varicose veins. 

ABRAMSON 


VASCULAR DISEASE 


O’ Keeffe, A. F., Warren, R., and Donaldson, G. A.: 
Venous Circulation in Lower Extremities Follow- 
ing Femoral Vein Interruption. Surgery 29: 276 
(Feb.), 1951. 

The effect of superficial femoral vein ligation on 
walking venous pressure was studied in 47 extremi- 
ties in which this procedure had been carried out 
two to seven years before, in order to prevent 
pulmonary embolism. As a control group, walking 
venous pressures were obtained on 11 normal pa- 
tients. 

The method used to obtain the readings consisted 
of inserting a 20 gage needle into one of the saphenous 
veins in the calf. The needle was connected to a 
manometer and to an elevated reservoir of physi- 
ologic saline solution by means of rubber tubing and 
a Y tube. The venous pressure reading was made by 
eliminating the reservoir from the system and allow- 
ing the saline solution in the manometer to seek a 
level. 

After superficial femoral vein interruption the 
average fall of walking venous pressure in the ex- 
tremities was 23.3 cm., as compared with 25.5. em. 
for the normal limb. The difference between the two 
groups was not considered to be significant. 

It was concluded that interruption of superficial 
femoral veins which were normal prior to operation 
resulted in no demonstrable change in venous circu- 
lation. 

ABRAMSON 











BOOK REVIEWS 





Heart Disease, Its Diagnosis and Treatment. 
Emanuel Goldberger. Philadelphia, Lea & Febiger, 
1951. 651 pages, 90 figures (229 illustrations), 
$10.00. 

Dr. Goldberger, whose previous contributions 
have been principally in the field of electrocardi- 
ography, has written a lucid, comprehensive, and 
up-to-date introduction to clinical cardiology. In 
type, his book more closely resembles the synopsis 
than it does either the discursive, personalized book 
or the exhaustive, documented scientific work. There 
is, accordingly, little that is original or novel in the 
book, and its virtues over other books of its kind in 
this field lie in its succinct, simple style, and its 
orderly, abundantly catalogued form. For this reason 
it will probably have its greatest usefulness for the 
medical student and the physician who has had 
little or no experience in the diagnosis and manage- 
ment of heart disease. 

The content of the book is accurate, responsible 
and conforms with generally accepted practices and 
ideas. There are many generalizations, dogmatisms 
and simplifications. Perhaps this was necessary for a 
book which is designed to be an introduction to 
clinical cardiology. However, the easy explanations 
for the mechanisms of heart failure in hyperthy- 
roidism, anemia, and pulmonary emphysema, for 
example, will be disturbing to those who are ac- 
quainted with the actual complexity of the patho- 
genesis of these syndromes. The relatively lengthy 
discussion of “psychotherapy” of neurocirculatory 
asthenia is astonishingly glib and superficial, reflect- 
ing none of the recent progress in the technic of 
mature, responsible and sensitive care of milder 
emotional disorders. On the other hand the sections 
on fluoroscopic examination of the heart, congenital 
heart disease, and heart disease in pregnancy are 
particularly adequate, and superior to similar dis- 
cussions in other books of this type. The book is 
remarkably up-to-date, including discussions of ion- 
exchange resins, Tromexan, procaine amide, oxime- 
try, ACTH and cortisone therapy of acute rheu- 
matic fever, ballistocardiography, and cardiac 
catheterization (where it is stated that the mixed 
venous blood sample should be obtained from the 
right auricle instead of from the pulmonary artery). 
Useful up-to-date bibliographies are appended to 
each chapter. 

The author’s judgment on certain subjects still 
perhaps sub judice may be of interest to readers of 
this review. He adopts a middle position in the 
controversy of the relative roles of “forward” and 
“backward” mechanisms in the pathogenesis of 
congestive heart failure; he believes lumbar sym- 





pathetic block to be of little usefulness in the tres t- 
ment of acute arterial embolism; he believes hyper- 
thyroidism itself rarely, if ever, causes heart failure; 
he is unimpressed by the incidence of embolism fv|- 
lowing regularization of auricular fibrillation; he be- 
lieves that the average patient with acute myocardi:\ 
infarction can be ambulated after two weeks of bed 
rest; he considers Herxheimer reactions to be suf!i- 
ciently likely complications of the penicillin treat- 
ment of cardiovascular syphilis to warrant two 
months of prior bismuth therapy. 

Perhaps the most interesting aspect of this book 
is that although it is written by an expert in elev- 
trocardiography, less space is devoted to the ele:- 
trocardiogram than in any other book of its size in 
this field. An introduction and discussion of the 
abnormal electrocardiogram covers only 14 of tlie 
650 pages, and even under myocardial infarction the 
electrocardiogram receives only three additional 
pages. With the many new technics and instruments 
in the field of electrocardiography it is useful to be 
reminded by an expert in the field that the electro- 
cardiogram occupies a relatively small part in the 
whole field of clinical cardiology. 

Rosert P. Grant 


Hypertension: A Symposium. E. 7. Bell, ed. Minne- 
apolis, University of Minnesota Press, 1951. 573 
pages, 116 illustrations, 90 tables, $7.50. 

This volume records the proceedings of a sym- 
posium on hypertension held at the University of 
Minnesota, September, 1950, in honor of Professors 
E. T. Bell, B. J. Clawson and G. E. Fahr. Thirty 
papers by 24 international authorities, together with 
the related questions and discussion, as well as a 
bibliography for each paper, have been integrated 
by Dr. Bell into a contemporary source book on 
hypertension. 

Discussions include the following: (1) the useful- 
ness of experimental hypertension in the study of 
mechanisms by which arterial pressure can be in- 
creased and lowered; (2) the pathologic anatomy as 
seen in renal biopsy and necropsy material; (3) the 
influence upon pathogenesis of heredity, vascular 
hyper-reactivity, life stress in various cultures, emo- 
tional attitudes, and dietary factors such as a high 
sodium and high fat intake; (4) physiologic devia- 
tions in human hypertension of such measurables «is 
cardiac output and total peripheral resistance, renal 
blood flow and resistance, plasma volume, interstitial 
fluid, blood viscosity, clotting time, adrenal cortical 
function and the hepatorenal factors demonstrable 
by the mesoappendix technic; (5) the natural history 
of the disease in untreated patients, survival rates 
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medically and surgically treated patients, and 

physician’s role in management of these patients. 

\lso considered were the indications and useful- 

s of such diverse therapeutic approaches as (1) 

)-ervation, reassurance and mild sedation, (2) low 
soium and rice diets, (3) oral administration of 

il extracts and oxidized marine oils, (4) pharma- 
cologie agents: the extracts of veratrum, adrenergic 
bl.cking agents, and water soluble pyrogens given 
intravenously, and (5) the surgical technics of 
spinchnic and lumbar ganglionectomy, thoraco- 
ju: abar sympathectomy and interruption of cortical 
pa: hways. 

The following is the reviewer’s report of the 
essence of the meeting: The problem of hypertensive 
disease is complex. Many agree that the disturbance 
often seems hereditary and is manifest in youth or 
early adult life. Such somatic features as muscular- 
ity, love of activity, and obesity are common. 
Whether or not certain traits of personality are 
present in all patients remains to be demonstrated. 
Also questionable is the idea that all hypertensive 
persons at the onset are involved in situations 
which make them feel threatened. The foregoing 
orientation suggests that personality problems may 
alert the organism by way of cortical pathways to 
the hypothalamus, the pituitary and the medullary 
centers. Interruption of certain of these pathways 
by psychosurgical technics may alter the hyper- 
tensive state but they have not consistently reversed 
it. The anatomic pathways, and the precise contri- 
bution of various nervous system levels in the inte- 
gration of blood pressure regulation in normal, 
prehypertensive, and hypertensive people have not 
been defined. Quantitation of the contribution of 
the pituitary-adrenal, the autonomic nervous system 
and hepatorenal factors in patients with labile hy- 
pertension and with fixed diastolic hypertension is 
not yet possible. The response of each type of pa- 
tient to a stressful situation such as an emotional 
upset, muscular exercise, the upright position, salt 
restriction and desoxycorticosterone administration 
is insufficiently documented. The existence of an 
effector substance, chemical definition of this sub- 
stance or its antagonists, and the factors influencing 
the reactivity of blood vessels in hypertensive pa- 
tients to these humoral agents is an area of great 
activity, with few indisputable facts as yet available. 

The diagnosis of hypertensive vascular disease is 
difficult because of lack of agreement as to the 
definition of what constitutes hypertension in the 
olier age groups. There is a difference in the disease 
course of older patients having the high systolic, 
wile pulse pressure hypertension and that of the 
younger patients having a high diastolic pressure. 
Tie importance of careful study of the latter pa- 
ticits having diastolic pressures persistently above 
12) mm. Hg was stressed. Periodic evaluation of 
thse patients in the attempt to assess the rate of 
prczress of the vascular damage in the brain, retina, 


heart and kidneys is essential. Periodic repetition of 
baseline studies of vascular damage enables one to 
define treatment that is consistent with the severity 
and the rate of progression of the disease process. 
“Tf the disease is malignant and rapidly progressing, 
heroic measures are demanded.” Diet and drugs 
such as veratrum extracts and chemically distinct 
compounds (protoveratrine, the phthalazines and 
hexamethonium) have not yet been shown to pro- 
duce survival rates in group III (Smithwick) patients 
comparable with those obtained following dorso- 
lumbar sympathectomy. Group IV patients, making 
up about 3 per cent of all hypertensive patients in 
a clinic population, have had their life expectancy 
extended when compared with similar patients 
treated medically. Nevertheless about 50 per cent 
of these surgically treated patients have expired in 
five years. There is no information to explain why 
a patient having minimal damage may change to 
the more rapidly progressive, life-shortening phase. 
The most prevalent practical concern of the sym- 
posium was the need for careful and repeated ob- 
servation of these patients in assessing the accelera- 
tion of the disease process in order to have a baseline 
for evaluation of therapy. 

The book is recommended to everyone engaged in 
research in essential hypertension. Suggestions of 
gaps yet to be filled are to be found in many of the 
presentations. 

JosePH H. HAFKENSCHIEL 


Emotional Factors in Cardiovasular Disease, ed. 2. 
Edward Weiss. American Lecture Series in Cir- 
culation, No. 97. Springfield, IIl., Charles C 
Thomas, 1951. 84 pages, $2.25. 

The author, widely known for his interest in 
psychosomatic problems, has composed a brief, clear- 
cut, readable summary of the relationship of emo- 
tional and physical factors in certain cardiovascular 
disorders. This monograph should find its widest 
reception and usefulness among medical students 
and those practitioners whose experience in such 
matters is limited. 

The symptoms commonly associated with cardiac 
disease and the various aspects of therapy are well : 
reviewed, with emphasis on important relationships 
to emotional factors. The clinical features of neuro- 
circulatory asthenia, hypertension, hypotension, and 
some forms of organic heart disease are similarly 
treated, with pertinent, concise, well-written illus- 
trative case histories. 

The author has chosen to focus attention upon 
the relation of emotion to disease entities, rather 
than upon the association of emotion with altera- 
tions of cardiovascular physiologic behavior. Ex- 
pression of general ideas and opinions might have 
been supplemented more generously by summary 
and critical analysis of the steadily accumulating 
body of experimental physiologic and psychologic 
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data bearing upon the interplay of emotions and 
cardiovascular function. 

More specific definition of the term ‘‘anxiety,”’ 
used frequently in chapter headings and text, would 
be helpful. The need for brevity in the text detracts 
from the value of the psychodynamic formulations 
in the ease histories, and allows scant attention to 
emotional factors in the cardiac arrhythmias, rheu- 
matic valvular disease, myocardial infarction, and 
congestive heart failure. 

The author opens the way to much debate in his 
discussion of the respective contributions of heredity 
and of environmental influences to “poor physical 
endowment” in neurocirculatory asthenia. Looseness 
of implication and lack of definition are implicit 
in certain statements: “The heart has been the 
traditional seat of the emotions’’; ‘“‘The real sources 
of anxiety are totally unknown to the patient’’; 
“Such persons carry an unusual amount of anxiety 
in their make-up”; “When organic disease of the 
heart has been eliminated and when significant ar- 
rhythmias have not been demonstrated, one can 
feel certain that the awareness of the heart action 
is to be explained psychologically”; “cultivation of 
an erect philosophy of life” in contrast to an “hori- 
zontal philosophy of life.” Continued use of the 
term “cardiac neurosis” is not advisable under any 


circumstances. 

The physician is warned strongly in a negative 
fashion against any activities that might increase 
the patient’s awareness of his heart; more emphasis 


could profitably be given to positive ways of dealing 
therapeutically with the emotional states in the 
patients that are relevant to such morbid interest. 

The last chapter, one half page in length, might 
have been omitted with advantage. 

The reviewer is well aware that the author’s 
general message needs wider dissemination and ac- 
ceptance at all levels of medical practice and strongly 
approves of his over-all effort in this immensely 
worthwhile cause. 

Joun T. FLYNN 


Fundamentals of Clinical Fluoroscopy, with Essen- 
tials of Roentgen Interpretation. Charles B. Storch. 
New York, Grune & Stratton, 1951. 196 pages, 
217 illustrations, $6.75. 

This basic text on clinical fluoroscopy is an in- 
novation in that it is written for the clinician rather 
than the x-ray specialist. The tremendous increase 
in recent years in the use of the fluoroscope by the 
internist is in itself justification for the book’s ex- 
istence. 

There are six chapters. Chapter I, Basic Concepts: 
Mechanics, Protection, and Dark Adaptation (10 
pages), consists of material which, unfortunately, is 
too often assumed to be known by the novice. Pro- 
tection of patient and operator is stressed. 

Each of the five remaining chapters covers an 
organ, or organs, beginning with normal anatomy 


and special fluoroscopic technic for the particular 
organ, and ending by describing a representative 
selection of commonly encountered abnormalities, 
Chapter IT (30 pages) concerns the chest; Chap‘ er 
III (42 pages) the heart; Chapter IV (24 pages) tire 
pharynx, hypopharynx, and esophagus; and Ch: p- 
ters V and VI (75 pages) the stomach and colun, 
While only one-fourth of the book is devoted « 
clusively to an examination of the heart, over o 
half concerns closely related subjects. 

The reviewer feels that examination of the gast 
intestinal tract is not usually within the domain 
the clinician, and that the last two chapters, « 
cellent though they are, have no place in this pyr 
ticular volume. 

The chapter on the heart begins with a review 
the anatomy and projection of the cardiac silhoue( te 
in the various positions. The normal heart, including 
effects of position, respiration, and spinal deforti- 
ties, is considered. The subject of border pulsations 
is followed by a study of chamber enlargemeit. 
Following a suggested routine for examination, ¢:r- 
diac mensuration, including orthodiascopy, is dis- 
cussed. The study of the aorta and pulmonary artery 
is followed by a description of calcification of the 
pericardium and the valves. The chapter ends with 
a consideration of pericardial effusion, ventricular 
aneurysm, thyroid and beriberi heart. 

A lucid style supplemented by outstanding illus- 
trations, many of which are original and ingenious 
teaching aids of the author, make this text a book 
that should be required reading for anyone preparing 
for the performance of fluoroscopic examinations. 
The author’s stated purpose is not to make the reader 
an accomplished fluoroscopist—experience at the 
side of a trained worker being essential—but to 
present sufficient background to assist the learning 
process through an understanding of basic principles 
plus practical hints, thereby developing an informed 
and logical approach. In attaining this purpose the 
book should be highly successful. 

A. Henry CuiaGett, JR. 


X- 


The Physiology and Pathology of Hemostasis. 
Armand J. Quick. Philadelphia, Lea and Febiger, 
1951. 188 pages, $4.00. 

This monograph is about equally divided into 
a clinical part and laboratory methods. These 
methods and tests are the ones which the author 
considers most valuable for the clinical study of 
hemorrhagic diseases. There is emphasis on atten- 
tion to details in procedure rather than historical 
background or comparisons with the methods of 
other investigators. Altogether 21 tests are described. 

The clinical section discusses historical develop- 
ments of the concepts of hemostasis, a new theory 
of the coagulation of the blood and a unified conce»t 
of hemostasis, the classification of the hemorrhagic 
diseases and their diagnosis, the treatment of tie 
hemorrhagic diseases and their surgical handlirg, 
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an venous thrombosis. The clarity of the discussion 
should make it easy for the student to assimilate 
the information from cover to cover with the greatest 
of ease. The book is very stimulating, and informa- 
tive. The author not only avoids conflicting theories 
an contrary conclusions, but is likely to succeed 
in leaving the impression that all of his views are 
ba-ed on sound observations and well-controlled ex- 
pe: imental evidence. 

\t one point in the book it is stated that it is not 
suilicient ‘‘to transfer blood to a test tube; one must 
also carry with it an intuitive feeling for physiological 
revctions and an insight into the scheme of body 
fuiction.” That viewpoint places this work on a 
foundation which is not used in very many labora- 
tories. Consequently, the contribution is in a class 
by itself and cannot be exactly evaluated with con- 
ventional standards of judgment. It is quite right 
to rely on intuition and make a related interpreta- 
tion but sooner or later someone must furnish the 
incontrovertible evidence for or against the state- 
ment. That takes not only observations of intuition 
but also of our perceptions in the laboratory. From 
that viewpoint I find myself repeatedly wanting to 
ask ‘What is the evidence” or even to say “This 
is very likely not correct.”’ This review does not 
attempt to comment on each point drawing such 
reaction, 

Watrer H. SEEGERS 


Diseases in Old Age. A Clinical and Pathological 
Study of 7,941 Individuals over 61 Years of Age. 
Robert T. Monroe. Harvard University Mono- 
graphs in Medicine and Public Health. Boston, 
Harvard University Press, 1951. 407 pages, 92 
tables, $5.00. 

Here is an important book. It is a survey of 7,941 
records of individuals over 61 years of age who have 
been carefully and thoroughly examined on the Medi- 


cal Service of the Peter Bent Brigham Hospital, in 
Boston, since its opening in March 1913. 

Following a general discussion bearing on national- 
ities, age incidence, hospital visits, occupations, 
marital and economic status and other key data, 
the discussion concentrates on details of disorders 
of the nervous system, the cardiovascular system, 
respiratory system, the gastrointestinal system, the 
urinary tract, the blood, the endocrines, bones and 
joints; finally there are chapters on venereal diseases, 
malnutrition, alcoholism, and tumors. 

The summary consists of a resume of the various 
highlights revealed in the foregoing chapters. There 
are quotable highlights in abundance in the brilliant 
consideration of community resources essential for 
old people, which is the concluding chapter. To 
mention one or two, Monroe emphasizes the futility 
of concentrating treatment on any one disorder in 
older individuals, since as age progresses, there is 
often an accumulation and interaction of various 
chronic conditions. He insists that most old people 
are normal. He points out that very few chronic 
diseases are progressive of themselves, but may 
advance due to the accumulative character and in- 
adequate treatment of particular conditions. 

Since old age is an integral part of life it can be 
lived normally and need not all be downgrade. The 
task of the geriatrician is to discover and provide 
facilities which will assist oldsters in deriving the 
most out of the later years. 

Of community resources the author discusses 
medical services with stress on the creation of a 
geriatric clinic for each hospital. Then follow worth- 
while considerations of educational resources, em- 
ployment, recreation, housing, and finally the crea- 
tion of an old age center in every large city. 

This book is a milestone on the way to a clearer 
understanding of the medical and social problems of 
our older citizens. 

Epwarp L. Bortz 








AMERICAN HEART ASSOCIATION, INC. 


1775 Broapway, New York 19, N. Y. 


Telephone Plaza 7-2045 


ABSTRACTS IN TRIPLICATE 
As previously announced, arrangements have 
been made for a special session for the presen- 


tation of papers dealing with the basic science 
aspects of cardiovascular disease at the Asso- 
ciation’s Scientific Sessions, April 18 and 19, at 
the Hotel Statler in Cleveland. Dr. Irvine H. 
Page, Chairman of the Program Committee, 
announces that the deadline date for the re- 
ceipt of abstracts of such papers has been ex- 
tended to February 1. Abstracts should be sent 
in triplicate to Dr. Page at the Cleveland 
Clinic, 2020 East 93rd Street, Cleveland 6, 
Ohio. 


SPECIAL PROGRAM 


On the first day of the Association’s Annual 
Scientific Sessions, Friday, April 18, a special 
program has been scheduled for nonmedical 
members of the AHA Assembly, national dele- 
gate body, and other laymen attending the An- 
nual Meeting. In the morning, reports and 
demonstrations of research, education, and 
community service activities of heart associa- 
tions will be presented. In the afternoon, a 
round-table discussion has been scheduled be- 
tween physicians and members of the press, 
with questions from the audience. 

1952 HEART FUND 

Bruce Barton will serve once again as Na- 
tional Chairman of the Heart Fund drive. He 
will hold that position for the second successive 
year when the Association conducts its fund- 
raising campaign throughout the month of Feb- 
ruary. Mr. Barton is Chairman of the Board of 
the advertising agency, Batten, Barton, Dur- 
stine & Osborn, Inc. 

The campaign slogan, ‘‘New Hope for 
Hearts,” has been retained to stress the sci- 


entific advances being made against carcio- 
vascular diseases. American Heart Week, in- 
cluding St. Valentine’s Day, has been set {or 
February 10-16. 

Other national campaign officers inclule: 
Charles E. Wilson, President, General Motors 
Corporation, Campaign Vice-Chairman; W in- 
throp W. Aldrich, Chairman of the Board, 
Chase National Bank, National Campaign 
Treasurer; Hon. Jesse M. Donaldson, U. S. 
Postmaster General, Chairman of Federal I'm- 
ployees Committee; Hon. Maurice J. Tobin, 
U.S. Secretary of Labor, Chairman of Labor 
Committee; Thomas M. McDonnell, Director 
of Radio, Foote, Cone and Belding, Chairman 
of Radio Committee; and Rodney Erickson, 
Manager of Radio and TV Department, Young 
& Rubicam, Inec., Chairman of Television 
Committee. 


INTERAMERICAN CONGRESS 


The Fourth Interamerican Cardiological 
Congress will be held in Buenos Aires, Argen- 
tina, August 31 to September 6, 1952. Dr. 
Pedro Cossio of Argentina will preside. Ar- 
rangements are being made to reduce the cost 
of transportation and lodging. A 50 per cent 
reduction in round-trip fare to Argentina is ex- 
pected to be granted by the Argentine Air 
Lines and the Argentine Merchant Fleet to 
those attending the conference. 


CLINIC COMMITTEE’S MEETING 
POSTPONED 
The special meeting of the entire Commitice 
on Cardiovascular Clinics, originally scheduled 
for January 26 in Chicago at the Palmer House, 
has been postponed to February 21, 1952. 
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